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STRUCTURE  OF  THE  BEREA  OIL  SAND  IN  THE  FLUSHING 
QUADRANGLE,  HARRISON,  BELMONT.  AND  GUERNSEY 
COUNTIES,  OHIO. 

By  W.  T.  Griswold. 


INTRODUCTION. 

The  United  States  Geological  Survey  has  undertaken  detailed 
mapping  of  the  geologic  structure  of  the  oil  sands  in  certain  parts  of 
the  Appalachian  oil  field  in  eastern  Ohio  and  western  Pennsylvania. 
The  first  report  describing  work  of  this  kind  is  contained  in  Bulletin 
No.  198,  which  deals  with  the  Cadiz  quadrangle  in  Harrison  County, 
Ohio.  The  second  bulletin  is  No.  318,  which  describes  the  conditions 
existing  in  the  Steubenville  quadrangle  in  Ohio  and  West  Virginia 
and  in  the  Burgettstown  and  Claysville  quadrangles  in  Pennsylvania. 
The  present  report,  which  is  the  third  of  the  series,  treats  of  the 
Flushing  quadrangle  in  Harrison,  Belmont,  and  Guernsey  counties, 
Ohio. 

The  object  of  this  work  is  to  determine  accurately  the  geologic 
structure  of  the  surface  rocks  and  of  the  Berea  sand  (which  is  the 
principal  oil-bearing  stratum  of  this  part  of  the  field),  and  from  this 
structure  to  determine,  if  possible,  where  the  conditions  are  favorable 
for  the  accumulation  of  oil  and  gas.  The  first  step  in  the  work  is  to 
ascertain  the  structure  or  lay  of  the  surface  rocks.  Then  it  is  neces- 
sar>'  to  determine  what  degree  of  parallelism  exists  between  the  rocks 
that  outcrop  at  the  surface  and  those  that  lie  from  1,000  to  2,000 
feet  below  the  surface,  and  by  means  of  this  parallelism  to  construct 
a  map  of  the  oil  sand  as  if  all  the  geologic  formations  above  it  had 
been  removed  and  the  upper  surface  of  the  sandstone  were  open  to 
view. 

Previous  work  of  this  kind  has  been  carried  on  in  areas  in  which  a 
considerable  amount  of  oil  and  gas  territor}^  had  l)een  developed  prior 
to  the  survey.  In  such  regions  it  was  possible  by  means  of  wells 
already  drilled  to  check  the  degree  of  exactness  to  which  the  oil 
sands  could  be  plotted,  and  by  a  study  of  the  conditions  under  which 
the  oil  and  gas  had  accumulated  to  formulate  general  laws  governing 
such  accumulations. 

In  the  Flushing  quadrangle  very  little  oil  or  gas  has  been  found. 
It  was  for  this  reason  that  the  area  was  selected  for  a  practical  test 
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of  the  principles  whicli  ha*]  been  determined  in  the  previa 
Tile  Ik*rt'ji  san*),  which  m  the  pritiripal  oil  i^and  of  thL^  p. 
wa**  knoiTO  to  be  presw^nt  in  thin  qu&ilrangle.  The  eurfae^ 
werf  aim*  known  to  be  favorabk'  far  accurate  geologic 
wU-i  ting  ^urh  an  area  and  rarpfully  plotting  the  tit  rue 
faoi>ed  that  the  area^^  which  are  most  favorable  tpr  the  m 
of  oil  and  gait  rould  be  detemiinedf  and  that  thu^  the  ecoE 
opmrnl  of  tlu*  field  would  l>e  aKsis^ted,  The  re.sult  of  the 
a  reiTidftrity  in  tlie  Fit njf lure  whieh  is  not  favorable  for  lai 
jTiulationii.  Tliere  are^  however,  minor  stnictural  feat 
doubt le!^N  have  c*xerc'ii*ed  an  influence  on  the  location  of 
oil  and  i(tts,  and  which  may  be  regarded  as  indicating  fa 
ritoiy. 

Tlie  field  work  in  the  F!u,shing  quadrangle  wa.s  perfor 
this  field  Hcanun  of  1000  by  B.  J.  Green  and  F.  M,  Hutch 
thp  !njpervi»*ian  of  tlie  writer* 

WiCATION,  DBAINACiK,  AKB  CUXTrUE, 

The  Flushing  quadrangle  in  situated  in  eastern  Ohio  a 
part^  of  lIftrri.son,  Hehntrnt,  and  (hiemsey  counties.  It  i 
meridlana  81"  and  HV'  15'  and  by  parallels  40°  and  40 
area  of  the  quadrangle  U  about  227  square  miles*  It 
large  towns^  but  there  are  a  number  of  small  places,  such 
Piedmont;  Xlorristown,  Belmont,  and  Betliesda,  witldn  il 
of  Bamesville  is  a  little  over  1  mile  south  of  the  quadraii| 
southwest  corner. 

The  entire  surface  of  the  quadrangle  is  deeply  dis^ 
divide  sepuratiug  the  waters  of  Muskingum  River  from  tl 
directly  into  Ohio  River  enters  the  quadrangle  in  the  nortl 
ririJ  f^xlt  ruls  sniilljwjHil  l[irni?t^!j  tlti'  ens! em  tliinl  oT  tlie 
passing  through  the  towns  of  Flushing,  Morristown,  an< 
East  of  this  divide  the  topographic  features  diflFer  mat 
those  on  the  west.  The  streams  flowing  to  the  east  ha\ 
slope  at  a  nearly  uniform  rate  to  the  eastern  edge  of  the 
the  streams  flowing  to  the  west  have  cut  deep  canyons  ne 
heads,  thus  descending  to  the  general  valley  levels  within 
distance  from  their  sources.  Once  at  those  levels  they  flo 
with  very  little  fall.  'Between  the  streams  are  oval-shap< 
steep  sides.  Tliroughout  most  of  the  area  the  rocks  un< 
region  are  exposed  through  a  vertical  section  from  300 
thick.  The  surface  is  in  a  high  state  of  cultivation  and 
by  roads  in  all  directions. 

The  Cleveland,  Lorain  and  Wheeling  Railway  (of  th 
and  Ohio  system)  crosses  the  area  from  the  center  of 
margin  to  the  northwest  comer,  and  the  main  Baltimoi 
Railroad  line  passes  through  the  southeast  comer. 


B£R£A    OIL   SAND    IN    FLUSHING    QHADRANGLE,    OHIO.  7 

.    GEOLOGY. 

ROCKS  SHOWING  AT  THE  SURFACE. 

The  rocks  which  outcrop  at  the  surface  of  the  Flushing  quadrangle 
are  included  in  the  Washington,  Monongahela,  and  Conemaugh  forma- 
tions of  the  Carboniferous  system.  From  the  highest  to  the  lowest 
strata  exposed  the  vertical  distance  is  740  feet.  The  base  of  the  Pitts- 
burg coal  is  accepted  as  a  datum  plane  from  which  to  commence 
descriptions  and  measure  intervals.  This  well-known  coal  bed  is 
constant  over  an  area  covering  many  square  miles  and  therefore 
makes  a  desirable  plane  from  which  to  reckon.  The  other  members 
of  the  formations  will  be  considered  from  this  base,  first  the  overlying 
and  then  the  underlying  beds,  the  peciiliarities  of  each  member  being 
described  and  the  areal  distribution  of  its  outcrop  given. 

MONONGAHELA    FORMATION. 

The  Monongahela  formation  includes  the  rocks  from  the  base  of 
the  Pittsburg  coal  to  the  top  of  the  Waynesburg  coal.  The  principal 
strata  are.  the  Pittsburg,  Meigs  Creek,  Uniontown,  and  Waynesburg 
coal  beds. 

Pittsburg  coal. — In  this  region  the  Pittsburg  coal  ranges  in  thickness 
from  40  to  62  inches,  with  an  average  of  about  50  inches  in  the  Flush- 
ing quadrangle.  The  bed  is  usually  divided  into  three  or  four  benches 
by  small  partings  of  half  an  inch  or  less  in  thickness.  One  parting  is 
from  14  to  21  inches  above  the  bottom  and  another  about  4  inches 
higher.  The  coal  is  of  good  quaUty  and  generally  mined  both  at  local 
banks  and  commercial  mines.  This  coal  bed  is  present  in  most  of  the 
quadrangle.  In  Nottingham  To^^^lsllip,  Harrison  County,  it  extends 
westward  along  the  ridge  to  Prospect  Ilill.  In  Moorefield  Township 
the  last  outcrop  to  the  west  is  close  to  the  village  of  Moorefield.  In 
Flushing  Township  the  most  westerly  outcrops  are  found  on  the  ridge 
between  Boggs  Fork  and  Stillwater  Creek  half  a  mile  west  of 
Compher,  and  to  the  west  of  Stillwater  Creek  in  the  hills  south  and 
east  of  Oakgrove.  Northwest  of  these  last-named  outcrops  the  coal 
dips  to  the  southeast.  It  outcrops  along  the  hillsides  above  Stillwater 
Creek  to  a  point  within  a  mile  of  BadgertowTi.  On  Boggs  Fork  and 
Trail  Run  the  coal  remains  above  water  level  to  a  point  within  a  mile 
of  the  toA\Ti  of  Flushing.  East  of  the  main  dividing  ridge  this  coal 
does  not  come  to  the  surface  except  for  about  2  miles  on  Crabapple 
Creek  in  Wheeling  ToA\Tiship,  Belmont  County.  At  Laferty,  on 
Wheeling  Creek,  the  coal  is  about  80  feet  below  the  surface. 

Rocks  between  Pittsburg  coal  and  Meigs  Creek  coal. — Tlie  lower  por- 
tion of  the  interval  between  the  Pittsburg  coal  and  the  Meigs  Creek 
coal  differs  greatly  in  different  localities.  Normally,  tlie  Pittsburg 
coal  is  overlain  by  a  few  feet  of  shale  extending  to  a  hard  blue 
limestone  usuallv  about  1  foot  in  thickness.     Above  the  limestone  is 
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Bhale  to  the  Pittsburg  Rider  coal,  which  is  a  smaU  bed  fn 
to  1  foot  in  thic'knt^ss  and  from  24  to  30  feet  above  the 
Pittsburg  bed ;  it  is,  however,  absent  over  the  greater  po: 
Flushing  quadrangle.  Above  the  Rider  coal  a  second  lim< 
tuni  ahout  1  foot  thick  is  founcl  in  many  places.  Above  t 
for  25  feet  or  more  to  a  bed  of  smooth^  light  cream-colored 
from  1  to  2  feet  thick,  which  is  especially  prominent  in  th( 
corner  of  Union,  the  northwest  corner  of  Goshen,  and  t 
side  of  Warren  townships  in  Behnont  County,  From  thi 
up  to  the  Meigs  Creek  coal  is  sandy  shale,  in  plat  es  nv 
flaggy  sandstone. 

In  a  large  part  of  the  Flushing  quadrangle  the  hwer  j 
interval,  from  the  Pittsburg  coal  to  the  top  of  the  Umeston 
the  Rider  coal,  is  represented  by  a  massive  buff  sandstone 
coarseness  known  as  the  Pittsburg  sandstone.  This  bee 
commences  on  top  of  the  coal  and  in  some  locaHties  hi 
part  of  the  coal  bed.  The  sandstone  is  present  in  the  wi 
of  Cadiz  Township,  throuji^h  Nottingham  Townslup,  antl  in 
part  of  Moorefield  Township,  in  Harrison  Coimty;  in  tl 
part  of  Flushing  TowiLsbip,  in  Kirkwood  Township  to  t 
Ilendrysburg,  and  through  the  western  p^f  t  of  Warren  Tc 
Behnont  County. 

Meigs  Creek  emit. — The  Meigs  Creek  coal  is  equivah 
Sewickley  coal  bed  of  Pennsylvania.  Tliroughout  a  large 
Flushing  quadrangle  this  coal  is  of  commercial  importa 
taining  a  thickness  of  about  4  feet.  As  a  rule  the  coal  is  ( 
clay  which  is  flinty  in  places  and  ranges  in  thickness  froi 
to  2  feet.  The  clay  is  locally  overlain  by  a  small  coal  fi 
inches  thick.  The  Meigs  Creek  coal  maintains  a  commei 
ness  through  Athens  Townsliip,  Harrison  County;  and  in  i 
part  of  Flushing,  the  whole  of  Union,  Goshen,  Warren ^  and 
em  part  of  Kirkwood  townships ^  Belmont  County. 

The  interval  between  the  base  of  the  Pittsburg  coal  and 
the  Meigs  Creek  coal  was  measured  in  55  different  places  ii\ 
rangle,  with  the  results  shown  in  the  following  table: 

PiMiunce  hrtu^fin  boM  of  Pithburg  ami  and  top  of  Mdgs  Cretk  a 


Towiistap. 

Number  of 

meanure- 

mentBK 

JntervjU.      Intel 

[ 

Hirrbon  Count  y* 
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FeeL 
m 

B5 

9g 

9o 

Fe 
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&onlh  half  of  Ktrlrwood...  ...... .^.^  .  .*........... 
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Rocks  between  Meigs  Creek  coal  and  Uniontovm  coal. — The  interval 
between  the  Meigs  Creek  and  Uniontown  coals  is  occupied  by  cal- 
careous shale.  In  places  the  lower  portion  contains  thin  beds  of  a 
slabby  white  Umestone  which  is  the  equivalent  of  that  portion  of 
the  Benwood  limestone  known  as  the  Dinsmore.  Near  the  center 
of  the  interval  is  often  found  a  bed  of  hard  limestone  about  1  foot 
thick.  This  bed  is  not  constant  enough,  however,  to  make  a  good 
reference  stratum.  The  rocks  in  the  upper  portion  of  the  interval 
consist  of  shale,  with  here  and  there  a  bed  of  limestone  a  short  dis- 
tance below  the  Uniontown  coal.  In  the  vicinity  and  to  the  east  of 
the  town  of  Flushing  the  separate  limestone  beds  are  better  developed 
than  in  other  parts  of  the  quadrangle. 

Uniontown  coaL — This  coal,  which  is  known  as  No.  11  of  the 
Ohio  series,  has  a  thickness  of  8  to  30  inches.  It  is  best  developed 
on  Bend  Fork  south  of  Bethesda,  where  it  has  been  mined  in  a  small 
way.  It  is  here  30  inches  thick,  with  a  2-inch  parting  of  shale  10 
inches  from  the  bottom  and  1  inch  of  clay  24  inches  from  the  bot- 
tom. The  Uniontown  coal  appears  in  the  high,  hills  in  the  north 
part  of  Athens  Township  and  thence  south  along  the  main  dividing 
ridge.  On  the  ridge  south  of  Trail  Run  it  extends  westward  to 
Rock  Hill.  It  is  generally  present  in  Union,  Goshen,  Warren,  and 
southern  Kirkwood  townships  in  Belmont  County. 

The  distance  from  the  Meigs  Creek  coal  to  the  Uniontown  coal 
was  measured  in  19  different  places  in  the  quadrangle,  with  results 
as  shown  in  the  following  table: 

Distance  from  top  of  Uniontown  coal  to  top  of  Meigs  Creek  coal  anc^  to  base  of 

Pittsburg  coal. 


Township. 


Harrison  County: 

Cadiz 

Athens 

Belmont  County: 

Flushing 

Union 

Goshen 

Kirkwood.... 
Warren 


Xuml)or  of 

measure-   I 

ments. 


Meigs  Creek  coal.                    Pitts- 

inimum  1  Maximum    Average 
iterval.       interval.    '  interval. 

coal- 
average 
interval. 

Feet.       '       Feet. 

82  1                  82 
80                   KX) 

• 

Feet. 
82 
92 

Feet. 
170 
188 

89 
98 
96 
90 
91 

99 

108 
96 

la-) 
ia5 

95 

103 
9^) 
97 
98 

f        ol8<i 
\        b  195 
197 
196 
199 
203 

t>  West 

part. 

a  East  part. 

Rocks  between  Uniontoum  coal  and  Wayneshurg  coal. — The  section 
between  the  Uniontown  coal  and  the  Wavnesburg  coal  is  composed 
mostly  of  shale,  which  is  sandy  in  the  upper  portion.  Below  the 
Waynesburg  coal  in  many  places  is  a  limestone,  above  which  is  fire 
clay  extending  to  the  bottom  of  the  coal . 

Waynesburg  coaL — The  Waynesburg  coal  ranges  from  20  to  40 
inches  in  thickness  and  is  best  developed  in  the  southeast  corner  of 
37e2a-BulI.  346-08 2 


10 


BEBEA    OIL   BAND   IN    FLUSHING   QUADRANGLE,    OHIO. 


Union  Township  and  in  Goshen  Township.  This  coal  is  mined  in  a 
small  way  northwest  and  south  of  Belmont,  where  it  has  a  thickness 
of  about  40  inches,  with  a  half-inch  parting  of  shale  19  inches  from  the 
bottom. 

The  distance  from  the  Uniontown  coal  to  the  Waynesburg  coal  was 
measured  in  27  different  places  in  the  quadrangle,  as  shown  in  the 
following  table : 

Distance  from  lop  of  Waynesburg  coal  to  top  of  Uniontown  4^oal  and  to  base  of 

Pittsburg  coal. 


Number  of 
measure- 
ments. 

.  Uniontown  coal. 

Pitts- 
burg 
coal- 
average 
interval. 

Township. 

Minimum 
Interval. 

Maximum 
Interval. 

Average 
interval. 

Harrison  County: 

Athens 

Flushing 

2 

4 

'7 
9 

1 
4 

Feet. 
35 

38 

36 
37 
38 
47 

Feet. 
40 

51 

61 
56 

Feet. 
37 

43 

49 
46 

50 

Feet. 
225 
f         a229 
\         6238 

246 

Belmont  County: 

Union 

Qoshen..      .          

242 

Kirkwood 

245 

Warren  *. 

63 

262 

a  East  part. 


b  West  part. 


c  Goshen  average  used. 


W^ASHINGTON    FORMATION. 

The  Washington  formation  includes  the  rocks  from  the  top  of  the 
Waynesburg  coal  to  the  top  of  the  Upper  Washington  limestone.  The 
well-marked  strata  which^  occupy  this  interval  in  Pennsylvania  are 
not  sufficiently  developed  in  the  Flushing  quadrangle  to  be  easily  rec- 
ognized. The  only  members  positively  identified  are  the  Washington 
coal  and  the  Upper  Washington  limestone. 

Rocks  between  Waynesburg  coal  and  Washington  coal. — Overlying 
the  Waynesburg  coal  is  from  1  to  6  feet  of  shale,  above  which  is  the 
Waynesburg  sandstone.  This  sandstone,  which  is  of  a  light-brown 
color,  occurs  in  layers  from  6  inches  to  2  feet  thick,  the  combined  lay- 
ers having  a  total  thickness  of  15  to  20  feet.  Above  this  is  a  sandy 
shale  wliich  extends  to  a  bed  of  easily  disintegrated  limestone,  with  6 
to  8  inches  of  dark-colored  fire  clay  above.  The  average  distance  of 
this  clay  above  the  Waynesburg  coal  is  about  52  feet.  It  probably 
represents  the  horizon  of  the  Waynesburg  B  coal  of  Pennsylvania. 
From  the  clay  to  the  Washington  coal  is  shale,  with  no  distinctive 
features. 

Washinrjion  coal. — The  Washington  coal  is  present  in  the  southeast 
corner  of  the  quadrangle,  with  a  thickness  of  li  to  2  feet  of  solid  coal 
underlain  by  6  feet  of  very  black  shale.  The  northernmost  outcrop 
in  the  quadrangle  is  in  the  hill  at  the  crossroads  1  i  miles  northeast  of 
Morristown.  From  this  place  it  is  found  in  the  higher  hills  to  the 
southeast  and  along  the  main  dividing  ridge  as  far  west  as  Speidel. 
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The  distance  between  the  Waynesburg  and  Washington  coals  was 
measured  in  seven  different  places  in  the  quadrangle,  with  the  results 
shown  in  the  following  table: 

Distance  from  Washington  coal  to  top  of  Waynesburg  coal  and  to  base  of  Pittsburg  coal. 


Number  ot 
measure- 
ments. 

Waynesbuig  coal. 

Pitts- 
burg 
coal- 
average 
interval. 

Township. 

Minimum 
Interval. 

Maximum 
interval. 

Average 
interval. 

Belmont  County: 

Union 

2 
5 

Feet. 
99 
89 

Feet. 
101 
98 

Feet. 
100 
92 

Feet. 
345 

Goshen 

334 

Rocks  between  Washington  coal  and  Upper  Washington  limestone. — 
The  rocks  lying  between  the  Washington  coal  and  the  Upper  Washing- 
ton limestone  are  present  in  the  Flushing  quadrangle  only  in  the  high 
ridges  to  the  south  of  the  Baltimore  and  Ohio  Railroad.  They  consist 
mostly  of  shale,  with  one  or  two  limestone  beds  which  could  not  be 
identified  owing  to  their  poor  development  and  their  small  area  of 
outcrop. 

Upper  Washington  limestone. — The  Upper  Washington  limestone 
occurs  in  the  tops  of  the  high  ridge  in  the  southeast  corner  of  the  quad- 
rangle. It  is  a  double  bed,  each  section  of  which  is  about  1  foot  thick. 
Two  measurements  of  the  distance  of  this  bed  above  the  Washington 
coal  were  obtained,  both  of  which  show  the  interval  to  be  160  feet. 
This  makes  the  Upper  Washington  limestone  494  feet  above  the  base 
of  the  Pittsburg  coal.  This  limestone  is  the  highest  reference  stratum 
in  the  quadrangle. 

CONEMAUGH    FORMATION. 

The  Conemaugh  formation  lies  below  the  Pittsburg  coal,  extending 
from  the  base  of  that  bed  to  the  top  of  the  Upper  Freeport  coal.  It 
ccmtains  the  Pittsburg,  Ames,  and  Cambridge  limestones,  all  of  which 
are  easily  identified  and  can  be  used  as  reference  strata.  Besides 
these  are  some  local  coal  and  limestone  beds,  which  are  available  as 
guides  to  the  geology  over  small  areas.  In  describing  the  members  of 
the  Conemaugh  formation  the  order  of  considering  the  members  is 
reversed,  the  highest  or  those  nearest  the  Pittsburg  coal  being  con- 
sidered first.  The  distances  are  computed  from  the  same  datum  plane 
(the  base  of  the  Pittsburg  coal),  being,  however,  down  instead  of  up. 

Pittsburg  limestone. — The  Pittsburg  limestone  ranges  from  1  to  4  feet 
in  thickness.  Where  the  greater  thickness  is  present  it  is  divided  into 
two  beds.  Its  position  ranges  from  a  !o\\  inches  to  25  feet  below  the 
base  of  the  Pittsburg  coal.  Normally  there  is  a  foot  of  fire  clay  under 
the  coal,  with  the  limestone  next  below.  In  many  places,  however, 
the  limestone  is  next  to  the  coal  and  the  fire  clay  below  the  limestone. 
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Where  the  interval  between  the  coal  and  limestone  is  20  : 
it  is  occupied  by  fire  clay  and  shale. 

The  distance  from  the  base  of  the  Pittsburg  coal  to  tl 
Pittsburg  limestone  was  measured  in  12  diflFerent  places 
rangle,  with  the  results  shown  in  the  following  table : 

Distance  from  top  of  Pittsburg  limestone  to  base  of  Pittsburg 


Township. 


Harrison  County: 

Cadiz 

Belmont  County: 

Flushing 

Kirkwood 

Moorefield 


Number  of 
measure- 
ments. 


Minimum 
interval. 


Feet. 
14 

16 
0 
0 


Mt 

In 


Rocks  between  Pittshirg  limestone  arUi  Ames  limestone. 
between  the  Pittsburg  limestone  and  the  Ames  limes 
mostly  of  sandy  shale  and  sandstone.  In  the  vicinity 
in  the  western  part  of  Cadiz  Township,  Harrison  Coun 
of  hard  limestone  with  a  rough  surface,  showing  on  fra 
glomerate  of  small  particles  of  limestone,  ranging  in  cole 
buflF  through  brown  to  red.  This  rock  carries  a  small  p 
iron,  which  gives  a  red  color  to  the  mud  formed  when 
disintegrated.  By  two  measurements  in  Cadiz  Townsh 
was  found  to  be  79  and  96  feet  below  the  Pittsburg  < 
Nottingham  Township  gave  72  and  74  feet  below  the  cc 
in  the  western  part  of  Flushing  Township  gave  44  and  5 
the  coal.  The  average  of  all  measurements  is  70  feet,  bi 
is  not  satisfactory,  owing  to  the  great  variation  of  the  m 
in  the  different  sections. 

In  Cadiz  and  Athens  townships  a  coal  or  black  sliaje 
occurs  in   the   interval   of   145   feet  below   tlic   Pittsbui 
Moorefield  and  western  Flushing  townships  this  interval 
feet,  as  determined  by  the  average  of  five  measiirernents 

In  the  lower  part  of  the  interval  between  the  Pittsl)u 
and  the  Ames  limestone  is  a  massive  sandstone  from  1 
thick.  Its  base  is  usually  fi'om  10  to  12  feet  above  the 
stone,  but  in  many  places  the  sandstone  lies  directly  abo 
stone  or  has  entirely  replaced  it. 

Aryies  limestone. — The  Ames  limestone  is  a  ])e(l  of 
limestone  from  1  to  3  feet  thick.  It  contains  many  f 
stems  and  brachiopods,  these  fossils  ])eino;  most  plen 
upper  portion  of  the  bed.  The  distance  from  the  1 
Pittsburg  coal  to  the  Ames  limestone  was  measured  in 
places  in  Flushing,  Moorefield,  and  Kirkwood  townshi 
of  these  measurements  show  an  interval  ranging  from 
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feet,  with  an  average  of  171  feet.  Two  other  measurements  show 
distances  of  185  and  147  feet.  The  average  of  all  measurements  is 
168  feet. 

Rocks  between  Ames  limestone  and  Cambridge  limestone. — The  rocks 
between  the  Ames  limestone  arid  the  Cambridge  limestone  are  fully- 
exposed  only  in  the  northwest  corner  of  the  quadrangle.  In  order 
to  measure  the  distance  between  these  two  beds  of  limestone,  levels 
were  run  a  mile  or  so  west  of  the  quadrangle,  where  outcrops  of  both 
beds  were  crossed.  The  result  of  these  measurements  shows  a 
distance  of  74  feet  between  the  two  limestones,  with  a  coal  18  feet 
above  the  Cambridge.  This  coal  is  from  a  few  inches  to  2  feet  in 
thickness,  and  it  has  been  mined  in  a  small  way  in  the  northwest 
quarter  of  the  quadrangle. 

Cambridge  limestone. — The  Cambridge  is  a  dark-gray  limestone, 
weathering  to  a  light  yellow.  It  contains  many  fossil  brachiopods 
and  a  few  crinoid  stems.  The  distances  from  the  Cambridge  coal 
and  the  Cambridge  limestone  to  the  Pittsburg  coal  are  accepted  as 
227  and  245  feet,  respectively. 

Mahoning  sandstone. — The  top  of  the  Mahoning  sandstone,  a 
coarse,  buff,  massive  rock,  appears  in  the  northwest  comer  of  the 
quadrangle.  It  attains  a  thickness  of  about  40  feet  just  west  of  the 
quadrangle  boimdary.  Directly  under  the  Mahoning  sandstone  is 
the  Upper  Freeport  coal,  which  is  not  exposed  in  this  quadrangle, 
but  is  worked  along  Stillwater  Valley  just  beyond  the  west  side. 

ROCKS  WHOLLY  BELOW  THE  SURFACE. 

The  subsurface  rocks  to  be  considered  are  those  extending  down 
to  and  including  the  Berea  sandstone.  Knowledge  of  these  rocks 
is  obtained  only  from  the  logs  of  wells.  Only  a  few  detailed  records 
were  obtained  from  the  wells  in  the  Flushing  quadrangle,  and  these 
few  do  not  agree  with  each  other  closely  enough  to  furnish  a  descrip- 
tion of  the  rocks.  The  following  are  some  of  the  best  records  ob- 
tained: 

Log  of  welb^  {Xo.  IS)  on  the  Margaret  Dunlapfarm,  in  Moorefield  Township,  Harrison 

County. 


Thi'-'-----    J„1,'t7of 


Distance 

l>elov 

louth 

well. 


Distance 
below 
base  of 

Pittsburg 
coal. 


ShiUe.  red 

Shiile,  gray 

Coal,  sman  bed 

Shale 

Sand  (filled  with  water) . 

Shale,  soft,  dark 

Sand,  Big  Injun 


Sand,  hard,  Berea  (water) . 


a  lloiith  of  well,  943  feet  above  sea.     Ha.se  of  Pittsburg  coal  at  well, 


. 

Fret. 

Ff 

t. 

til 

0 

140 

119 

(il 

•201 

2 

180 

320 

:i95 

2a-) 

345 

00 

m) 

740 

140 

m) 

800 

•Z\r, 

800 

940 

.r>7 

1.03,'i 

1.17:. 

24 

1.392 

l..'>32 

,  1,083  feet  above  sea. 
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Log  of  weU<^  {No,  42)  on  th$  Ahner  Lodge  farm  in  Union  TototuMp,  Bdm 
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a  Mouth  of  well,  1.164  feet  above  sea.    Base  of  Pittsburg  coal  at  well,  1,312 
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Log  ofwellO'  (No.  67)  on  the  P.  E.  Calhoun  farm  in  Londonderry  Township,  G\ 

County. 


Thickness. 


Distance  Di 

below  l)el 

mouth  of  of 

well.  bu 


I 


Sand 

Shale,  red 

Shale,  white 

Shale,  red 

Limestone,  blue 

Coal 

Limestone,  white. . . 

Shale,  red 

Limestone 

Shale,  black 

Limestone,  white. . . 

Coal 

Shale,  white 

Sand 

Shale,  black 

Shale,  white 

Limestone,  white. . . 

Sand,  white 

Shale,  black 

Limestone,  black. . . 

Sand,  white 

Shale,  black 

Limestone 
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25 
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370 
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420 
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1.240 
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1,310 


o  Mouth  of  well,  1,025  feet  above  sea.    Base  of  Plttsbui^  coal  at  well,  1,229  feet  above  se< 
Log  of  wello^  (No.  98)  on  the  F.  M.  Tagger t  farm  in  Union  Township^  Belmont  C 
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n  Mouth  of  well,  1,193  feet  above  sea.     Base  of  Pittsburg  coal  at  well,  984  feet  above  s 
b  Above  base  of  Pittsburg  coal. 
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RESUIiTS  OF  THK  WORK. 

OBJECT. 

The  object  of  the  work  in  the  Flushing  quadrangle  was  to  ] 
a  map  of  the  Berea  oil  sand  with  as  great  a  degree  of  accuracy 
possible  from  the  geologic  conditions,  and  with  sufficient  d 
make  it  of  value  to  the  practical  oil  man  in  the  location  and  d 
ment  of  oil  and  gas  territory. 

In  work  of  this  character  there  are  two  conditions  which 
the  accuracy  of  the  final  result.  These  are  (1)  the  degree  o 
lelism  that  exists  between  the  outcropping  strata  and  the  o 
and  (2)  the  regularity  of  the  variation  in  the  distance  be  twee 
beds. 

SUBSURFACE  MAPPING. 

GENERAL   STATEMENT. 

The  mapping  of  a  subsurface  stratum  consists  of  three  distinc 

First,  it  is  necessary  to  find  the  elevations  of  the  outcrops  o 
ent  known  strata;  then,  having  determined  the  average  dista 
the  variations  in  this  distance  between  these  strata,  by  coi 
these  data  to  prepare  a  contour  map  showing  the  geologic  st 
of  some  prominent  stratum  called  a  key  rock. 

Second,  by  means  of  the  measured  depth  to  the  oil  sand  f 
mouths  of  test  wells  already  drilled,  to  determine  by  leveling 
wells  the  distances  in  different  parts  of  the  area  between  the 
and  the  oil  sand  it  is  proposed  to  map. 

Third,  by  means  of  a  mechanical  drawing  called  a  cot 
sheet  to  correct  for  the  variations  in  distances  betweei 
stratum  and  the  oil  sand  in  different  parts  of  the  area,  ai 
project  the  elevations  obtained  upon  the  key  horizon,  thei 
mining  the  correct  elevation  of  the  oil  sand. 

BASE    MAP. 

The  first  requisite  in  this  work  is  a  good  topotj^raph 
upon  which  to  indicate  the  horizontal  locations  of  th< 
different  strata.     The  base  map  of  tlio  Flushing;  (|ua(l 
topographic  atlas  sheet  surveyed  in  1903  by  the  Tnitet 
logical  Survey.     On   this  map  wore   located   in   lioriz( 
the  outcrops  of  the  different  strata.     The  elevation  of 
at  each  of  these  points  was  o])tained  by  a  spirit  level  - 
from  permanent  bench  marks  established  by  the  to[ 
neers.     For  this  work  the  level  lines  were  carried  over 
great  many  streams,  and  along  a  number  of  ridges. 
^-'^Qtions  of  the  outcrops  all  over  the  (juadrangle  w 
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MEASUREMENT   OF   INTERVALS. 

The  intervals  between  the  different  surface  strata  were  obtained  by- 
comparing  the  elevation  of  outcrops  of  different  strata  where  they  are 
near  together  and  where  the  elevation  of  the  outcrop  of  one  stratum 
could  be  compared  w4th  the  elevation  of  two  outcrops  of  another 
stratum  on  different  sides  of  the  first.  In  this  way  a  great  many- 
comparisons  w  ere  made,  and  the  average  distance  between  the  beds  in 
the  different  townships  was  obtained.  The  results  of  this  work  have 
been  given  under  the  heading  '' Geology. '*  In  considering  these 
results  with  a  view  to  determining  what  degree  of  accuracy  can  reason- 
ably be  expected  in  the  structure  map  of  the  key  horizon,  it  is  found 
that  out  of  51  measurements  of  the  distance  between  the  Meigs  Creek 
coal  and  the  Pittsburg  coal,  when  averaged  by  townships,  the  mini- 
mum and  maximum  in  each  township  are  within  10  feet  of  the  aver- 
age, and  that  the  range  is  usually  nearly  20  feet  when  a  number  of 
measurements  are  taken.  The  same  condition  holds  for  the  dis- 
tances between  the  prominent  beds  above  the  Meigs  Creek  coal.  The 
Pittsburg  limestone,  whose  distance  below  the  Pittsburg  coal  is  from  a 
few  inches  to  29  feet,  has  the  same  range  of  variation  as  the  strata  at 
distances  of  200  or  300  feet  from  the  Pittsburg  coal.  This  indicates 
that  there  is  a  local  divergence  from  parallelism  between  the  different 
strata  of  about  20  feet,  that  the  average  distance  between  strata  over 
small  areas  will  give  results  that  are  probably  correct  within  10  feet, 
and  closer  accuracy  than  this  is  not  to  be  looked  for. 

The  distance  of  171.  feet  between  the  Pittsburg  coal  and  the  Ames 
limestone  in  the  northwest  quarter  of  the  Flushing  quadrangle  is 
believed  to  be  very  nearly  correct.  This  probably  diminishes  from 
the  south  and  east  toward  the  northv/est.  The  measurements  of  this 
interval  made  in  the  central  and  western  parts  of  the  Cadiz  quad- 
rangle ranged  from  205  to  230  feet.  The  determination  of  the  dis- 
tance from  the  limestone  bed  lying  between  the  Pittsburg  limestone 
and  the  Ames  limestone  to  the  Pittsburg  coal  is  poor.  All  measure- 
ments show  this  interval  to  vary  abruptly  from  east  to  west.  The 
position  of  the  Cambridge  limestone  and  the  coal  above  it  with  refer- 
ence to  the  Ames  limestone  was  determined  at  only  a  few  places,  but 
the  measurements  so  obtained  are  believed  to  be  good. 

SURFACE    STRUCTURE    MAP. 

As  the  Pittsburg  coal  is  the  most  prominent  outcropping  stratum 
in  the  quadrangle,  its  base  is  accepted  as  the  key  horizon  by  which 
the  structure  of  the  surface  rocks  is  represented.  The  elevation  of 
the  outcrops  of  this  horizon  were  determined  wherever  possible 
directly  with  a  spirit  level.     To  the  determined  elevation  of  every 
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other  outcropping  lioriznn  wri?<  addoti  or  sulHrartetl  tlie  average  1: 
tance  of  that  piirticular  liori7.<m  1>cId\v  or  above  the  bai^  of  the  Pil 
burg  coal  in  that  tomiship.  This  resulted  in  e8tah1i.^liin^  the  dr 
tion  of  the  Pins1>urt?  vim]  nt  tumrly  000  location?*.  The  |Kjints 
equal  elevation  were  eonnrrtetl  hy  linet^i,  thu.s  forming  a  (^mtrjur  in 
of  the  bottom  surf  nee  of  the  Pittsburg  eoal  (PI,  I),  Data  for  maki 
the  siirfaee  structufftl  map  are  filentiful  in  all  [lart?*  of  the  Flui<hi 
quadrangle,  except  in  a  i>ortion  of  Mooreiield  aiiil  Freeport  tov 
dups,  Harrison  County.  In  the  area  to  the  north  and  west  of  1 
village  of  Pieihnont  the  Attics  liinstonc  ycetns  *o  l>c  nltscnt*  It 
probable  that  the  sandstone  who?ie  l>ase  i.<  nnriiially  from  10  to 
feet  above  the  ^\jues  liniestone  has  desiconded  and  cut  out  tb©  Ue 
stone.  The  absence  of  thih  important  stratuni  leaves  the  limei^t< 
between  the  Pitti^burg  hmestono  and  the  Ames  liiuestuno  and  a  I 
outcrops  of  what  is  believed  to  be  the  Cambridge  eoal  aa  the  oj 
beds  from  which  to  determine  the  structure.  The  scarcUy  of  inf 
ma  tion  has  made  it  impossible  to  draw  coutouru  with  any  degrer 
accuracy  in  this  area. 

STRUCmiAL    FEATURE8.  J 

The  structural  features  represented  on  Ph  I  are  not  pn.>na* 

but  rather  monotonous.     The  dip  of  the  rot^ks  is  to  the  sou 
with   but  httle  irregvdarity.     The   most   prominent    feature 
struct lu-al  dome  at  Sni>Tiia.     Here  the  Pittsburg  coal  if  it  h 
been  eroded  would  lie  at  an  elevation  of  aliout  1,300  fe(>t,  or 
above  the  surface.     Due  east  frr\ni  tliis  dome  is  a  stHH*]>  dip 
160  feet.     This  is  the  steepest  dip  found  for  any  conside 
tanoe  in   the  quadrangle.     From   the  Smyrna  dome  an 
ridge  extends  to  the  goutheast,  falling  away  at  a  st.et^p  an 
syneluial  trough  on  the  south.     A  second  dome  of  lesser 
exists  just  north  of  the  towti  of  Fairview. 

A  structural  feature  that  is  import [int,  tliough  not  y 
the  anticlinal  ridge  which  commences  in  the  northwest 
quadrangle,  swings  a  little  to  the  south  and  thence  trer 
leaving  the  quadrangle  a  little  east  of  the  center  of 
boundary.     The  western  portion  of  this  ridge  shows  a 
60  feet  to  the  northeast  into  a  basin  on  the  north  ed: 
rangle.     The  geologic  evidence  regarding  the  depth 
not  of  the  best,  as  nothing  but  outcrops  of  what  is  be' 
Cambridge  coal  were  found  within  the  area.     This  ( 
dip  as  represented  by  the  contours.     This  dip,  h' 
coincide  with  the  dip  of  the  adjacent  rocks.     The 
the  anticlinal  ridge  farther  to  the  east  is  more  poj 
by  elevations  on  the  Ames  limestone  and  the  Pi 
of  which  are  north  af  the  quadrangle.     The  dip 
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being  in  all  not  over  20  feet.  In  Athens  Township,  Harrison  County, 
a  secondary  fold  exists  to  the  south  of  the  main  anticlinal  ridge. 
The  northward  dip. from  this  fold  is  very  slight,  being  in  places  less 
than  one  contour  interval. 

The  remaining  noticeable  feature  of  the  quadrangle  is  a  slight 
dome  2  miles  northeast  of  Flushing,  whose  northwesteriy  dip  is  over 
20  feet.  The  existence  of  this  feature  is  established  by  elevation 
on  both  the  Meigs  Creek  and  the  Uniontown  coal. 

CONVERGENCE    SHEET. 

With  the  surface  structure  defined  by  the  elevations  of  the  Pitts- 
burg coal  as  shown  on  PI.  I,  the  next  step  was  to  determine  the  amoimt 
to  be  subtracted  from  each  elevation  to  make  it  equivalent  to  an 
elevation  on  the  top  of  the  Berea  sand.  This  information  was  gained 
from  wells  already  drilled  within  the  area.  The  quadrangle  was  care- 
fully searched  for  any  existing  wells  or  previously  drilled  dry  holes 
and  it  is  believed  that  all  the  test  wells  drilled  prior  to  the  date  of  the 
survey  are  represented  on  the  map  of  the  Berea  sand.  The  elevation 
of  the  mouth  of  each  well  was  obtained  by  spirit  level.  With  this 
information  the  position  of  the  key  horizon  with  reference  to  the 
mouth  of  the  well  is  obtained  from  PL  I,  and  by  a  slight  calcula- 
tion the  distance  from  the  key  horizon  to  the  oil  sand  is  obtained 
from  the  record  of  the  well.  The  records  of  28  wells  on  or  adjacent 
to  the  quadrangle  were  obtained.  From  these  records  was  built  up 
the  convergence  sheet,  which  is  constructed  by  connecting  the  posi- 
tions of  the  different  test  wells  by  straight  lines  and  then  dividing 
these  lines  so  that  each  subdivision  represents  the  horizontal  dis- 
tance in  which  the  vertical  interval  between  the  Pittsburg  coal  and 
the  Berea  sand  decreases  or  increases  10  feet.  The  distance  from  the 
base  of  the  Pittsburg  coal  to  the  top  of  the  Berea  sand  was  found  to 
range  from  1,464  feet  to  1,613  feet,  the  lesser  interv^al  being  along  the 
north  edge  and  the  greater  near  the  southwest  corner  of  tlie  quadrangle 
The  interval  does  not  increase  regularly,  howev^er,  but  ranges  from 
1,464  to  about  1,540  feet  in  the  north  third  of  the  quadrangle,  decreases 
to  a  little  over  1,500  feet  in  the  central  part,  and  then  increases  at  a 
uniform  rate  to  the  maximum  distance  at  the  south  edge.  A  large 
area  in  the  center  of  the  quadrangle  is  devoid  of  any  drilled  well  from 
which  a  record  could  be  obtained.  The  assumption  of  an  even  increase 
or  decrease  over  distances  as  great  as  those  between  some  of  the  wells 
from  which  the  convergence  sheet  of  the  Flushing  quadrangle  is  made 
up  is  undesirable,  but  could  not  be  avoided. 

MAP    OF    THE    BEREA    OIL    SAND. 

With  the  previously  described  work  performed,  the  construction  of 
the  map  of  the  oil  sand  is  very  simple.  The  convergence  sheet  shows 
the  amount  to  be  subtracted  from  each  elevation  of  the  key  horizon. 
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This  amount  in  the  Flushing  quadrangle  was  in  all  cases  gre 
the  elevation  of  the  key  horizon,  showing  the  oil  sand  to 
where  below  sea  level.  To  avoid  the  use  of  the  minus  sign  ir 
ing  the  contours  of  the  oil  sand,  2,000  feet  were  added  to  each 
of  the  key  horizon.  This  is  equivalent  to  assuming  a  dat 
2,000  feet  below  sea  level  for  the  map  of  the  oil  sand.  After 
ing  the  amount  shown  in  the  convergence  sheet  from  each 
of  the  key  horizon,  the  points  of  equal  elevation  were  com 
lines.  The  result  is  a  contour  map  of  the  Berea  oil  sand  as 
PI.  II,  on  which  the  upper  surface  of  the  limestone  cap  of 
sandstone  is  represented  by  contours  printed  in  red.  The  e 
of  these  contoiu*s  are  shown  by  numbers  figured  from  a  dat 
2,000  feet  below  sea  level.  All  wells  known  to  have  been  dri 
to  the  date  of  survey  are  also  shown  in  red  with  accepted  sy 
dry  holes,  gas  wells,  and  oil  wells.  Wells  known  to  have  be 
only  to  some  of  the  upper  sands  are  marked  with  a  cross  to  1 
the  well  symbol. 

FACTORS  GOVERNING  THE  ACCUMULATION  OF  OIL  A^ 

Previous  work  of  this  kind  has  demonstrated  that  there 
primary  factors  which  govern  the  accumulation  of  oil  in  i 
These  are  (1)  the  condition  of  the  rocks  as  to  porosity,  (2)  t 
complete  saturation  by  water  of  the  oil-bearing  stratum,  ai 
geologic  structure  of  the  rocks. 

POROSITY. 

The  condition  of  many  of  the  sands  changes  within  shor 
from  loose  and  porous  sands  to  closely  cemented  hard  roc 
impervious  to  oil  and  water  in  large  quantities.     Some 
beds  are  of  tlie  same  texture  over  large  areas,  both  as  tr 
the  solid  particles  forming  them  and  (]is  to  the  matrix 
bines  the  separate  grains.     In  others,  although  the  size 
rate    grains  remains    relatively    the    same,  the    cement 
changes  from  place  to  place  and  in  this  way  the  relati 
the  rock  is  changed.     Some  sandstone  beds  contain 
glomerate  in  which  the  se|)arate  particles  are  of  cor 
loosely  held  together,  thus  forming  a  condition  of  grea 
knowledge  of  tlie  general   characteristics  of  a  partici 
bed  is  gained  only  by  test  wells.      In   the  A|)palachi 
peculiarities  of  the  ])rinci])al  oil-bearing  sands  are  pn 

SATU  RATION. 

The  condition  of  saturation  with  water  is  not  the 
sands.      Kxperience  has  shown  that  the  older  or 
Appalachian  field  contain  a  smaller  area  of  complet 


RESULTS    OF   THE    WORK.  21 

than  the  upper  or  younger  sands.  The  lowest  sands  seem  to  be 
almost  entirely  dry,  only  the  very  lowest  points  in  the  center  of  a 
structural  basin  showing  any  considerable  quantity  of  salt  water. 
Above  these  lower  rocks  each  succeeding  stratum  of  sandstone  has  a 
larger  area  in  which  it  is  saturated  with  water.  In  regions  where  the 
sand  rock  is  not  entirely  saturated  there  may  be  separate  areas  of 
saturated  rock  in  each  structural  basin,  the  upper  limits  of  which  are 
at  the  same  elevation  in  any  one  basin  but  at  different  elevations  in 
different  structural  basins. 

STRUCTURE. 

The  effect  of  geologic  structure  on  the  accumulation  of  oil  depends 
on  the  condition  of  saturation  of  the  oil-bearing  stratum. 

If  small  quantities  of  oil  and  gas  are  in  a  dry,  porous  rock  at  different 
points  the  oil  will  move  down  as  long  as  the  slope  is  sufficient  to  over- 
come friction  and  capillary  attraction.  The  gas  will  diffuse  with  the 
air  or  water  vapor  contained  in  the  pores  of  the  rock. 

Oil  and  gas  in  a  porous  rock  that  is  completely  saturated  with 
water  will  first  be  forced  up  to  the  top  of  the  porous  stratum  by  the 
difference  in  the  specific  gravity  of  the  oil  and  the  water.  The  oil 
and  gas  will  accumulate  in  the  upper  part  of  the  rock  if  the  porous 
stratum  is  level,  but  if  it  dips  sufficiently  to  overcome  friction  the 
particles  of  oil  and  gas  will  gradually  be  forced  up  the  slope,  the  gas 
with  its  much  lower  specific  gravity  occupying  the  higher  places. 

In  places  where  the  porous  rocks  are  only  in  part  completely 
saturated  a  combination  of  these  two  actions  will  take  place.  The  oil 
above  the  line  of  complete  saturation  will  run  down  to  ihat  line  and 
the  oil  below  will  be  forced  up  to  the  top  of  the  completely  saturated 
portion. 

The  sand  spoken  of  as  porous  may  not  be  so  at  all  points.  If 
in  some  areas  it  is  impervious,  those  areas  will  tend  to  limit  the  move- 
ment of  the  oil  and  gas  through  the  rock.  Although  a  short  distance 
away  the  same  stratum  may  be  porous,  it  must  from  an  oil  standpoint 
be  considered  a  separate  and  distinct  porous  body,  unless  the  area  of 
impervious  rocks  is  sq  situated  that  the  oil  can  readily  move  laterally 
around  it. 

PLACES    OF    ACCUMULATION. 

In  dry,  porous  rocks  the  principal  points  of  accumulation  of  oil 
are  at  the  bottom  or  near  the  bottom  of  the  synclines,  at  the  lowest 
points  of  the  porous  medium,  or  at  any  points  where  the  slope  of  the 
rock  is  not  sufficient  to  overcome  capillary  attraction  and  friction, 
such  as  structural  terraces  or  benches.  In  porous  rocks  that  are 
completely  saturated  the  accumulation  of  both  oil  and  gas  will  be 
in  the  anticHnes  or  along  level  portions  of  the  structure.  In  com- 
pletely saturated  rocks  of  small  area  the  accumulation  should  occur 
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at  the  highest  point  of  the  jiorcms  nicHiiuiii^  kind  wliere  ^tup.^  or  danis 
of  iniporvious  rocks  exist  in  a  generally  |joroi!8  stratuni  the  accuniu- 
Iiition  should  occur  below  such  impervious  stop,  which  is  renlly  (he 
tup  hiiiit  of  the  porous  rock.  In  porous  rocks  that  are  only  partly  — 
filled  with  water  the  oil  accuruulat<es  at  the  top  lirnit  of  the  .saturated^ 
ai*ea.  This  point  may  be  anywhere  with  reference  to  the  aiitieUnes 
and  synclines. 

The  condition  most  pnerally  found  is  that  the  rocks  are  saturated' 
only  ill  a  portion  of  their  v^ohmie,  in  whic^h  case  accumnhitions  of  i*U' 
may  occur  anywhere  with  reference  to  the  geologic  structure,  though 
they  are  more  likely  to  be  on  terraces  or'  levels,  as  these  points  are 
favorable  to  accumulation  in  both  cfry  and  saturated  rocks.  f 

Under  all  conditions  the  most  probable  locaticm  for  the  accumubv- 
tion  of  gas  is  in  an  anticline,  though  small  fohls  along  the  side  of 
syncline  mjty  captui*e  and  iiohl  a  supply  of  gas,  or  the  rocks  may  b 
so  close-grained  that  gas  t^an  not  travel  to  the  anticline,  but  mw 


I 


remain  in  greatest  Tolume  close  to  the  oil  accumulation. 

CONDITIONS   IN   THE  FI.USHING  QUADRANGLE. 
SATURATION    OF    BEREA    SAND. 


w 


In  the  Fhisliing  quadrangle  the  Berea  sand  lies  in  the  same 
turai  basin  as  in  the  southeastern  half  of  the  Cadiz  quadrang 
that  portion  of  the  Cadiz  quadrangle  it  was  found  to  be  con 
saturated  to  an  elevjition  of  about  270  to  280  feet  below  sea  level 
i^  equivalent  to  an  elevation  of  1  »720  to  1|730  feet,  as  the  con' 
the  Flushing  quadrangle  are  niindjered.     This  Ls  higher  ' 
portion  tjf  the  sand  in  the  Flusliing  quadrangle,  except  a  v 
area  on  top  of  the  Smyrna  anticline.     Tlie  conditions,  tlie 
be  considereil  in  this  area  are  those  of  complete  saturatio 
these  conditions  the  oil  should  arcunmlate  just  below  the 
crest  of  the  anticlinal  ridges  and  upon  terraces  at  the 
breaks. 

EXISTING    OIL    POOLS. 

Only  three  oil  pools  have  been  discovered  in  the  Flus' 

gle.     The  Uniontown  pool,  in  Wheeling  Township,  on 
of  the  quadrangle,  extends  eastward  into  the  St.  CI 
rangle  for  a  short  distance.     This  jiool  is  located  on  a  ' 
fiat  or  terrace,  only  a  small  portion  of  which  is  cove 
pool  appears  to  he  well  defined  within  the  quadran 
To  the  southeast   the  structure  shows  a  descent 
Tins  is  not  favorable  for  the  accumulation  of  oil  u 
of  some  magnitude  exists  in  the  St.  Ciairsville  quad 
In  the  southwestern  portion  of  the  quadrangle  ' 
the  Barn^vilJe  pooL     This  accumulation  is  on  f 
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the  contours.  From  the  separate  well,  records,  however,  a  very 
narrow  terrace  can  be  recognized.  The  direction  of  the  pool  is  along 
the  strike  of  the  rocks  for  1  to  2  miles  to  the  south  and  then  to  the 
west,  the  elevations  of  the  sand  differing  by  only  a  few  feet  in  all  wells 
where  oil  was  found. 

The  third  pool  in  the  quadrangle  is  at  Oakgrove.  This  is  the  only 
accumulation  so  far  discovered  in  the  quadrangle  that  could  have 
been  foretold  by  a  knowledge  of  the  structure  prior  to  the  drilling  of 
the  wells.  The  location  of  the  pool  is  upon  a  flat  near  the  top  of  the 
Smyrna  anticline.  All  wells  so  far  developed  are  small,  and  a  num- 
ber of  dry  holes  are  close  to  the  producing  wells.  The  wells  are  not 
in  the  best  theoretical  location  for  large  production.  The  eastern 
side  of  the  anticline  along  the  Guernsey-Belmont  county  line  in  sees. 
32  and  33  appears  to  be  the  most  favorable  territory  from  a  structural 
standpoint.  From  this  point  to  the  east  is  a  strong  dip  of  160  feet. 
Near  the  top  of  this  slope  is  the  theoretical  location  for  oil  accumu- 
lation. The  flat  on  the  structural  nose  in  the  southern  part  of  sec. 
31,  Flushing  Township,  Belmont  County,  looks  favorable  and  is 
certainly  worthy  of  a  test  well. 

TERRFTORY  FAVORABLE  FOR  NEW  DEVELOPMENT. 

North  of  the  village  of  Fairview,  in  the  northern  part  of  sec.  2, 
Oxford  Township,  Guernsey  County,  is  a  structural  dome  in  which 
there  is  probably  an  accumulation  of  both  oil  and  gas. 

North  of  Morristown  is  a-  very  low  dome,  including  all  of  sec.  21, 
Union  Township,  Belmont  County.  The  position  of  this  dome  is 
established  by  elevations  on  a  number  of  the  upper  coal  beds.  It  is 
probable  that  this  feature  extends  down  to  the  Berea  sand.  If  the 
map  is  a  true  representation  of  the  oil  sand,  this  dome  is  a  favorable 
point  for  both  oil  and  gas.  On  its  western  side  a  number  of  wells 
have  been  drilled  which  produced  gas  from  the  upper  sands.  Wells 
Nos.  81  and  98  were  drilled  to  the  Berea  sand  and  reported  dry.  They 
should  not,  however,  condemn  the  entire  area. 

In  the  northern  part  of  sec.  10  and  southern  part  of  sec.  11,  Athens 
Township,  Harrison  County,  is  represented  an  anticlinal  dome  whose 
northern  dip  is  20  feet  or  more.  This  feature  is  established  by  levels 
<m  the  Meigs  Creek  coal.  The  conditions  as  represented  should  be 
favorable  for  both  oil  and  gas. 

Along  the  north  edge  of  the  quadrangle,  in  sees.  1,  3,  and  8  of 
Nottingham  Township,  Harrison  County,  is  an  anticline,  and  to  the 
south  of  this  ridge  near  Cassville  is  a  second  anticlinal  fold.  These 
features,  are  not  prominent,  but  thev  are  important  owing  to  the 
slight  northward  dip  of  the  formation.  This  northward  dip  is  well 
established  by  levels  on  the  Pittsburg  and  Meigs  Creek  coals.     The 
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main  or  northern  anticline  js  a  direct  extension  from  the  Moholland 
oil  pool,  which  lies  1  mile  to  the  northeast  in  the  Scio  quadrangle. 
This  pool  was  discovered  and  partly  developed  during  the  summer  of 
1906.  The  crest  of  the  anticline  through  the  sections  mentioned  is 
favorable  territory.  The  secondary  anticline  to  the  south  is  detri- 
mental to  the  chances  of  oil  on  the  main  ridge,  as  its  own  dome  may 
have  trapped  the  oil. 

WEUL8  IN  THE  FJLUSIIING  QUADRANGLE. 

The  following  table  sets  forth  such  information  as  was  procured 
about  the  wells  drilled  in  the  Flushing  quadrangle.  It  states  in  con- 
cise form  the  owner  of  the  land  on  which  the  wells  were  drilled ;  the 
number  of  them;  the  person  by  whom  they  were  drilled;  the  eleva- 
tions of  their  mouths  above  sea  level;  the  distance  from  their  mouths 
to  the  top  of.  the  Berea  sand,  and  their  total  depths.  The  reference 
numbers  of  the  wells  correspond  to  those  given  on  the  map  (PI.  II). 
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PREFACE. 


By  Alfred  II.  Brooks. 


Though  southeastern  Alaska,  because  of  its  important  mining 
interests,  was  one  of  the  first  fields  in  the  Territory  to  be  investi^rated 
by  the  Geological  Survey,  yet  up  to  1002  the  work  in  this  region 
had  not  advanced  beyond  the  cursory  examination  of  some  of  the 
more  important  districts.  In  1902  a  topographic  survey  of  a  small 
area  near  Juneau  was  completed,  and  was  followed  during  tlie  next 
year  by  the  geologic  mapping  of  the  same  area  and  the  extension 
of  a  geologic  reconnaissance  over  a  considerable  adjacent  region. 
The  publication  of  the  results  of  these  surveys "  marks  the  first  steps 
in  the  systematic  investigation  of  this  field.  The  present  report  em- 
bodies the  results  of  the  extension  of  these  studies  southward  to  the 
southern  boundary  of  the  Territory.  With  its  publication  a  pre- 
liminary statement  of  the  mineral  resources  of  the  three  most  im- 
portant mining  districts  of  southeastern  Alaska — the  Juneau,  the 
Wrangell,  and  the  Ketchikan — will  have  b(^n  issued. 

The  main  object  of  this  publication  is  to  meet  the  needs  of  the 
mining  engineers  and  prospectors,  and  only  so  nnich  of  the  general 
geology  has  l)een  incorporated  as  is  necessary  to  the  understanding 
of  the  (K'currence  of  the  commercially  valuable  mineral  deposits.  By 
this  policy  it  is  possible  to  present  some  of  the  economic  results  of  the 
investigations  before  the  completion  of  the  geologic  studies.  A  more 
complete  exposition  of. the  geology  will  he  presented  when  the  field 
has  l>een  more  exhaustively  studied. 

In  such  a  report  only  the  general  features  of  the  occurrence  of  the 
ore  bodies  can  be  presented.  A  final  analysis  of  the  various  problems 
ronne<*ted  with  the  genesis  and  CKrurrence  of  the  ores  nnist  await 
detailed  surveys.  Such  geologic  surveys  must  be  preceded  by  to])o- 
graphic  mapping  and  hence  can  be  carried  cm  only  very  slowly.  This 
l)hase  of  the  work  has  not  l)een  neglected,  for  two  important  mining' 
districts,  Berners  Bay  and  Kasaan  Peninsula,  have  been  niap])e(l 
topographically,  and  the  latter  is  being  studied  by  geologists  as  this 
paper  goes  to  press. 

•  Rp«»ncpr.   A.   C,  The  Jiint^au   pold  Ix'lt,   Alaska.:   WfIkIU,   C   W..   A   nTonnaissanro  of 
Admiralty  Island.  Alaska:  Bull.  V.  S.  (ieol.  Survey  No.  2H7,  UMlG.  101  pp..  'M  pl8. 
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THE  KETCHIKAN  AND  WRANGELL  MINING  DISTRICTS, 

ALASKA. 


Bv  Fred  Eioene  Wrkjiit  and  Charles  Will  Wrio.iit. 


rNTRODUCTION. 

GENERAL  STATEMENT. 

This  report  deals  mainly  with  the  mineral  resources  of  the  Ketchi- 
kan and  Wrangell  mining  districts,  but  an  introduction,  j)resentin<r 
a  summary  of  the  general  facts  so  far  as  known  concerning  tlie 
geologA'  of  the  region,  is  necessary.  As  few  detailed  studies  have 
been  made  except  those  of  individual  prospects  and  mines,  the  work 
must  \>e  regarded  as  preliminary.  Each  year  since  1004  a  summary 
report*"  of  the  mining  developments  and  economic  resources  in  the 
districts  has  been  published;  and  on  account  of  these  publications 
and  the  ever-changing  conditions  of  the  mines  more  attention  will 
l)e  given  in  this  paper  to  the  geologic  relations  and  characteristics 
of  the  ore  deposits  than  to  the  details  of  mining  develoj^nicut. 
Building  materials  of  economic  value,  including  marble,  granite, 
and  cement,  are  also  considered  briefly,  and  attention  is  directed  to 
their  increasing  commercial  importance.  This  report  and  the  re- 
port on  the  Juneau  gold  belt  by  A.  C.  Spencer ''  complete  the  pre- 
liminary description  of  the  important  mining  districts  of  south- 
eastern Alaska.  Though  the  results  obtained  during  the  raj)i(l  re- 
connai.ssance  of  this  large  area  do  not  present  the  refinements  of 
detailed  work,  it  is  hoped  that  their  presimtation  in  the  following 
pages  will  give  a  fairly  correct  impression  as  to  the  distribution, 
character,  and  relative  importance  of  the  ore  bodies  and  ore-bearing 
formations  in  this  section  of  Alaska. 

Both  field  and  office  work  for  this  report  have  been  carried  on 
under  the  direction  of  Alfred  II.  Brooks,  and  to  him  the  writers  are 
greatly    indebted    for    many    valuable    suggestions;    they    are    also 

•Hull.  r.  S.  r,«»ol.  Survoy  No.  I'aO.  lHOr.,  pp.  47  ST  :  No.  2S4,  10<>r,.  pp.  ;:o-4^o :  No.  'M4, 
UM»7.   pp.   47-«l. 

*SlM*mvr,  A.  r..  TIu»  Jiint'uu  koI<1  lu'lt,  Alaska:  Hull.  T.  S.  Ct'ol.  Survey  No.  l>s7.   IIHM',. 
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indebted  to  E.  M.  Kindle  and  (J.  II.  Girty  for  the  study  of  and  the 
reports  on  the  fossil  collections  from  this  area. 

The  mine  owners,  operators,  and  pros])ectors  of  the  district,  with- 
out exception,  extended  to  the  writers  a  most  cordial  cooperation  and 
many  courtesies,  which  are  gratefully  acknowledged.  It  is  not  pos- 
sible to  give  the  names  of  all  who  have  aided  in  this  investigation, 
but  the  work  was  especially  facilitated  by  James  Bawden,  of  Ketchi- 
kan ;  U.  S.  Rush,  of  Kasaan ;  B.  A.  Eardly,  of  Dolomi ;  J.  L.  Parker, 
of  Iladley ;  William  B.  Freeburn,  of  Mount  Andrew ;  Barton  B.  Neid- 
ing,  of  Niblack;  Henry  W.  Mellen,  of  Coppermount;  Charles  A* 
Sulzer,  of  Sulzer;  W.  McLeod,  of  Dall  Island:  Charles  E.  Nassen, 
of  Shakan,  and  Charles  Xelsor,  of  Wrangell. 

To  W.  A.  Langille,  forest  supervisor  of  the  Alexander  Archi- 
])elag(),  the  writers  are  indebted  for  the  information  regarding  the 
distribution  and  value  of  the  timber  in  the  region. 

FIELD  WORK. 

The  present  reconnaissance  embraced  a  land  area  estimateil  at 
14.500  scpiare  miles  and  includes  the  portion  of  the  mainland  extend- 
ing from  Portland  Canal  on  the  south  to  a  line  running  due  east 
from  Caj)e  Fanshaw  to  the  International  Boundary,  and  those  islands 
of  the  Alexander  Archipelago  south  of  Frederick  Sound  and  Sum- 
ner Strait.  The  Ketchikan  district  to  the  south  is  separated  from 
the  Wrangell  district  to  the  north  by  a  line  through  Sinnner  Strait 
around  the  north  end  of  Prince  of  Wales  Island,  down  Clarence 
Strait  as  far  as  Eniest  Sound,  up  Ernest  Sound,  along  Bradfield 
Canal  eastward,  and  across  the  mountain  range  to  the  International 
Boundary. 

Field  woi-k  in  the  Ketchikan  district  was  first  undertaken  by 
Brooks  in  11)01,  and  the  observations  included  in  his  report"  issued 
the  following  year  were  used  as  n  basis  for  the  pn»st'nt  investigation. 

Field  work  was  begun  by  the  writers  May  lO,  VMK).  F.  E.  Wright 
started  from  Ketchikan  and  made  a  study  of  l{<»villagigedo  Island, 
while  C.  W.  Wright  and  E.  M.  Kindle  went  to  Juneau  and  from 
thei'e,  using  a  launch,  visited  the  known  fossil  l(K'alities,  made  collec- 
tions, and  studied  the  stratigraphic  relations  on  Admiralty.  Kuin, 
and  Kupreanof  islands.  This  work  was  completed  June  'JO,  at  which 
tiuK*  the  writers  met  at  Ketchikan  and  were  joined  by  Alfred  II. 
Brooks.  The  entire  party  then  made  a  study  of  the  geologic  st»i»tion 
across  the  Coast  Uange  as  ex])osed  from  Ketchikan  to  the  head  of 
Portland  Canal,  and  returned  to  Ketchikan  June  -iO.  From  July  1 
to  July  10  Annette  Island  and  a  portion  of  the  east  coast  of  Prince 
of  Wales  Island  were  visited.  F.  E.  Wright  remained  in  this  region 
to  make  detailed   investigations  of  the  mining  areas,  whik'  C.  W. 

"  Urooks.  A.  n..  Ki-trliikiin  iiiiiiiim  distiirt  :    I'rof.  Pjiimt  W  S.  ilml.  Siirvy  N<».    1.  1002. 
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Wright  continued  the  general  geologic  mapping  around  Prince  of 
Wales  Island.  The  latter  completed  his  work  and  returned  to  Juneau 
August  15,  and  from  this  date  to  September  18  was  engaged  in  an 
investigation  of  the  mines  and  prospects  in  the  Juneau  district.* 
During  the  latter  part  of  September  and  until  October  20,  1905,  he 
studied  the  copper  deposits  in  the  vicinity  of  Copper  Mountain. 
F.  E.  Wright  continued  his  work  in  the  Ketchikan  district  and  on 
August  31  went  north  to  Wrangell,  where  he  studied  the  Coast  Range 
belt  and  ore  deposits  of  the  Wrangell  district.  This  work  was  com- 
pleted October  10,  1905. 

As  only  three  months  were  devoted  to  the  field  work  in  the  Ketchi- 
kan and  Wrangell  districts  and  as  more  than  half  of  this  time  was 
used  at  the  mines,  the  geologic  mapping  had  to  be  pushed  forward 
as  rapidly  as  possible,  and  many  important  features  were  barely 
touched  upon.  Nearly  2,000  miles  of  shore  line  were  hastily  trav- 
ei'sed,  and  the  geologic  mapping  was  confined  principally  to  the  rock 
exposures  along  the  shores  of  the  island  and  mainland.  These  sliores 
are  generally  rocky,  few  sand  beaches  interrupting  the  continuity 
of  the  rock  exposures,  but,  as  it  was  necessary  to  traverse  from  20  to 
(K)  miles  of  coast  line  in  a  day,  only  the  broad  geologic  features  could 
be  noted,  and  wide  areas  in  the  central  parts  of  the  island  still  remain 
unexplored.  This  work,  especially  along  the  west  coast  of  Prince  of 
AVales  Island,  was  much  hampered  by  the  lack  of  charts,  and  it  was 
necessary  to  make  a  sketch  survey  of  portions  of  the  coast  line  in 
conjunction  with  the  geologic  mapping. 

During  the  latter  part  of  September,  1900,  and  the  first  week  of 
()ctol>er,  after  the  completion  of  the  season's  field  work  in  the  Sitka 
and  Skagway  districts  to  the  north,  C.  AV.  Wright  si)ent  three  weeks 
III  the  Ketchikan  district,  investigating  the  mine  developments. 

MAPS. 

The  charts  of  the  Coast  and  Oeodetic  Survey  and  the  results  of 
ivconnaissance  surveys  from  1890  to  1895  were  uscmI  as  base  maps  and 
found  to  l)e  accurate  to  the  scale.  No  accurate  survey  charts  along 
the  west  coast  of  Prince  of  AVales  Island  and  the  adjacent  islands  have 
lxH*n  issued,  and  the  published  ma])s  of  this  area  were  found  to  be 
inadtHjuate  and  had  to  l)e  supplemented  by  sketch  surveys  made  by 
the  writers.  As  the  Coast  and  Geodetic  Survey  has  now  begun 
work  in  this  area,  go6<l  charts  will  soon  be  available.  The  relief 
has  l)een  mapped  in  (mly  the  eastern  part  of  the  province,  where 
to|>ographic  .surveys  have  been  made  by  the  Canadian  Boundaiy 
Commission. 

Thre<>  general  maps  accompany  this  volume  (Pis.  I,  II,  and  III, 
in  jKxrket).     PL  I,  a  general  map  on  a  scale  of  about   10  miles  to  an 


•  Wiijcht.  V.  E.  and  C  W..  Itoport   on  projrn'ss  of  inv<>stiKatIoDs  of  mineral  rcHources 
of  Alanka  :  Bull.  V.  H.  O-ol.  Snrvry  No.  'JSI,  iimm;.  pp.  ;m   40, 
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inch.  incliKk*^  \mth  the  Ketrhiktin  »intl  Wrmigt'Il  ilii4rit 
coEnpileil  frnm  tbo  charts  of  thc^  {\iast  and  (Jeodolir  Survej%  i 
mi'iiXiHl  Uy  ski^trh  um\is  ma  tie  l>y  tin-  writorsn  On  this  the  ptHik 
liii'n  ix*iHV?s<.'iiti*<l  Hiul  ttlsi>  thi*  ]in*nti<>fi  of  ihi*  iiniit*j?i  titif) 
Tht*  scale  of  thif*  nmp  is  not  MifticitHitly  largi*  U>  itidiic; 
nnnii'S  of  Iticalitiom  Referred  to,  hnt  tli»'s«*  will  hi*  fotinf!  fjf 
larger  .si'iili^  On  llu*  fMhiT  two  maps  ( l*ls*  11  niid  III>,  wh' 
contoured  j^hwtt*  of  the  mainland  iKirtioii  of  the  prf»rinf?*«,  th 
n^y  is  ph^tlcMl  in  inorr  d«*tniL  The*  nJTitounnjr  **f  thone  ^ 
taktux  fnau  thi'  niapH  of  Ua'  Canadian  UoimdaiT  ('oumiiH^io 
pared  in  WM  on  a  scaU*  of  1 :  HM^.fMK),  hnt  hen*  it^dneeil  to  I  tS 
or  ahout  i  niilosi  to  th<*  inc^h,  wfjirli  is  alMi  thi*  si^uh*  of  the*  map 
adjacent  mainland  lndt  to  the  north  already  i>nl>lisliefl."  Tlit*  c 
ititervftl  is  S2A0  feet,  eaeh  l/KK)-fotJt  contour  Iwin^  einphiiHtas4!i 
heavier  \mi\  Sketch  inaps*  introdiiee«l  lln^oitghoiH  I  In*  ti*xt  t 
I  he  p(t?^itionH  of  mining  properties,  have  ht*en  funiislied  fur 
part  Uy  the  mine  owners  theniseives. 


ir^ 


LITERATURE. 
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WLiid  by  AA'illiain  H.  Dall «  and  CJeorge  F.  Becker,^  who  visited  soiith- 
«Bm  Alaska  in  1895  to  study  its  gold  and  coal  resources.  They  visited 
m,  number  of  localities  in  the  Juneau  and  Sitka  districts  and  along 
rthe  coast  to  the  northwest,  but  at  that  time  practically  nothing  was 
fctnown  of  the  mineral  resources  of  the  Ketchikan  and  Wrangell  dis- 
Itricts. 

■  In  the  reports  of  the  Harriman  Alaska  Expedition,  which  made  a 
?icruise  along  southeastern  Alaska  and  westward  in  1899,  B.  K.  Emer- 
■son  ^  and  C.  Palache  **  published  notes  on  the  lithology  and  mineralogy 
fc,of  the  rocks  and  ores  from  various  points  in  southern  Alaska. 
S  The  most  important  contribution  to  the  geology  of  the  Ketchikan 
^district  and  the  only  extensive  report  on  that  area  thus  far  published 
0was  made  in  1901  by  Alfred  H.  Brooks.^  The  same  year  Brooks  com- 
lipleted  a  hasty  reconnaissance  northward  as  far  as  Skagway  and 
jiithence  westward  to  Sitka.  In  this  report  not  only  the  areal  and 
Bistructural  geology  of  the  Ketchikan  district  is  discussed  in  consider- 
able detail,  but  also  a  geologic  correlation  of  this  section  with  other 
parts  of  southeastern  Alaska,  taken  from  his  data  and  that  of  previ- 
ous investigators,  has  been  included  in  an  introductory  sketch  of 
!^tlie  geology  of  southeastern  Alaska.  In  1908  Arthur  C.  Spencer/ 
^assisted  by  C.  W.  Wright,  made  a  study  of  the  Juneau  gold  belt, 
iincluding  the  mainland  strip  from  Windham  Bay  to  Berners  Bay, 
kand  in  the  same  year  C.  W.  Wright  made  a  reconnaissance  of  the 
I'orcupine  district  ^  to  the  northwest.  During  the  years  1904  to  lOOG 
the  writers  have  extended  the  geologic  reconnaissance  mapping  so  as 
to  cover  nearly  all  of  southeastern  Alaska,  and  each  year  a  summary 
i-eport  of  the  results  pertaining  especially  to  the  economic  develop- 
ment of  tlie  region  has  been  published.*  The  most  complete  report  on 
^\laska  as  a  whole  is  by  Alfred  H.  Brooks,*  published  in  1900.  This 
includes  a  description  of  the  geogi^aphy  of  southeastern  Alaska  and 
»  correlation  of  the  geology  of  this  section  with  that  of  other  parts 
of  Alaska  and  British  Columbia. 


*»  imll.  W.  IL,  Coal  and  li;?nIto  of  Alaska  :  Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey. 
jjt.    1,    IHOG,  pp.  70^-908. 

*  Pecker,  (i.  F.,  Gold  fleldn  of  southern  Alaska  :  Eighteenth  Ann.  Rept.  U.  S.  Ceol. 
Survey,  pt.  :;.   1898.  pp.   1-80. 

*•  Emerson,  B.  K.,  Notes  on  the  stratigraphy  of  igneous  rocks :  Harriman  Alaska  Ex- 
jjedition,  vol.   4,   1904,  pp.   11-66. 

'f  ralache»  (\,  Notes  on  the  minerals  collected :  Harriman  Alaska  Expedition,  vol.  4, 
1904,   pp.   92-96. 

<■  Brooks,  A.  II.,  Ketchikan  mining  district:  Prof.  Paper  U.  S.  Geol.  Survey  No.  1, 
1002. 

f  Spencer,  A.  C,  The  Juneau  gold  belt :  Bull.  U.  S.  Geol.  Survey  No.  287,  1906,  pp. 
1-1  .'^7. 

*  Wright,  ('.  W.,  The  Porcupine  placer  district,  Alaska:  Bull.  TT.  S.  Geol.  Survey  No. 
236.    1904. 

*  Wright,  V.  E.,  and  C.  W.,  Bull.  U.  S.  Geol,  Survey  No.  259,  190r>,  pp.  47-08;  Bull. 
V.  S.  Geol.  Survey  No.  284,  1906,  pp.  30-54,  55-60;  Bull.  V.  S.  Geol.  Survey  No.  :\\4, 
3907,   pp.   47-72,   73-81. 

*  Brooks,  A.  H.,  Geography  and  geology  of  Alaska,  Prof.  I'aper  1'.  S.  (Jool.  Survey  No. 
45,    1906. 
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HISTORY  OF  MIKIKG  l>lCVBIiOPMENTS. 

KETCHIKAN  MINING  DISTRICT. 

Prior  to  the  year  1897  the  Ketchikan  district,  which  forms  the 

most  southern  portion  of  Alaska,  had  not  been  investi^iUinl,  tlionirJs 
many  prospectors  had  passed  through  it  on  their  way  north  to  iH^ntrul 
Alaska  and  to  the  vicinity  of  Juneau.  Moreover,  not  until  Ift^s  dul 
mining  actually  begin  in  the  district.  During  the  pericnl  of  Uussuui 
possession  of  Alaska  little  or  no  attempt  was  made  to  investigate  its 
mineral  resources.  Though  it  seems  certain  that  the  KiLssiuits  hiul 
knowledge  at  least  of  the  existence  of  some  deposits  of  c*ha!t:otivriti« 
ore  which  form  extensive  outcrops  at  tide  water  in  KasHtin  Hay,  tb« 
development  of  these  and  other  metalliferous  deposits  wns  con^jist- 
eirtly  avoided. 

Subsequent  to  the  transfer  of  Alaska  to  the  United  8tfttps  ChnrU^ 
Baronovich,  a  Russian  merchant,  is  reported  to  have  lot  jHi^I  tlu*  first, 
copper  prospect  in  the  district  just  south  of  Kasaan  a  illagc,  when'^ 
the  Copper  Queen  claim  is  now  located.  The  comparjitivt*  ignlatiiiii 
of  this  district  and  the  fact  that  large  bodies  of  nativo  copjjcr  hmX 
been  found  in  the  Liake  Superior  region  are  probably  thii  i^a^onn  Lliat 
these  sulphide  deposits  attracted  but  little  attention. 

In  the  early  seventies  gold  was  reported  from  Unuk  Kivrr,  Iml  th^ 
principal  gold  fields  at  this  period  were  farther  north*  nt  the  liead- 
waters  of  vStikine  River  and  in  the  Cassiar  region,  and  litlU^  attt^iition 
was  given  to  the  Unuk  River  deposits.  During  the  sut  tH«^<ling  yimi'H 
the  gohl  deposits  of  the  northern  part  of  southeast  in  Ahiska  at 
Juneau  attracted  most  of  the  pi-ospectors,  and  the  Ket<  Ivikan  di.stricl 
was  entirely  neglected.  Petrof,  in  the  Tenth  Census  report,  "  irient  ioii;^ 
a  mine  which  had  been  opened  on  Prince  of  Wales  Ishiml  mid  ha<l 
sul)se(iuently  been  closed.  Though  he  does  not  give  the  ItjCHtion  of  tlin 
mine,  it  is  probable  that  he  refers  to  the  early  pros])erts  near  the 
present  location  of  the  Copper  Queen  claim,  on  the  north  side  of 
Kasaan  Bay.  Sonie  small  shipments  of  copper  ore  appear  to  have 
l)(M>n  made  at  this  timc.^  In  the  Eleventh  Census  report  Bruce* 
makes  the  following  statement : 

Th<'  iiuHcntions  on  the  surface  are  that  Prince  of  Wales  Island  contains  macil 
niincnil.     (JoM.  lunh  free  niiUinj;  and  in  sulphides,  silver,  iraleua,  copper,  and; 
iron  Ii.ivo  Ihhmi  foiuid  in  many  places,  but  as  yet  no  extensive  efforts  have  bees: 
niad(»  to  demonstrate  whether  any  of  the  ores  mentioned  exist  in  paying  qaaik* ' 
(ities.     If  minerals  exist  in  other  portions  of  the  district,  the  very  limited  pro^ 

"  Popnlntion.  iiiduslrios,  and  rcsourcps  of  Alaska:  Potrof,  Ivan,  Tenth  Census  of  tlH 
Iiiilcd  Statp<.    1SS4.  p.  77. 

'M'<Hni)jir.'  No.  I'ln.  T<»nlh  CcnsuH  t.f  tlio  I'nited  States,  p.  8(M). 

''  nnico.  M.    w..  Population  and  resources  of  Alaska  :   Eleventh  Census  of  the  UnttlA 

States.    ISJH).   I).   :',!). 
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l)€ctinj;  ilone  Las.  failed  to  show  it.  Aimette  Island  may  be  an  exception,  and 
also  Dall  Island.  Some  of  the  finest  specimens  of  jrold-bearinj?  ore  I  have  seen 
in  my  journey  are  said  to  have  been  talven  from  Dall  Island. 

The  men  engaged  in  salmon  fishing,  many  of  whom  had  a  knowl- 
edge of  prospecting,  were  the  next  to  interest  themselves  in  the  search 
for  ore  bodies  in  the  Ketchikan  region.  These  men  explored  the 
coast  line  and  made  many  locations  upon  auriferous  quartz  veins  and 
copper  deposits.  In  the  early  nineties  mining  men  became  interested 
in  these  finds  and  some  minor  developments  were  made.  Prominent 
among  these  men  was  James  Bawden,  who  discovered  in  1802  what 
he  believed  to  \ye  workable  gold  deposits  on  the  eastern  side  of  An- 
nette Island. 

In  1893  William  Barnard  relocated  the  copper  prospects  just  south 
of  Kasaan  village  and  discovered  other  prospects  in  the  near  vicin- 
ity. Discoveries  on  Gravina  Island  and  near  Boca  de  Quadra  were 
made  in  1897,"  and  in  the  succeeding  year  a  numlxir  of  imi)ortant 
locations  w^ere  made,  notably  the  Gold  Standard  and  other  claims  on 
Cleveland  Peninsula,  the  copj)er  pros])ects  at  Dall  Head  on  Gravina 
Island,  the  gold  veins  at  Dohmii  and  at  Sea  Level,  and  the  nuiny  dis- 
coveries of  copper  ore  on  Kasaan  Peninsula  and  on  Copper  Mountain. 

In  1899  discoveries  were  made  at  Hollis,  at  Skowl  Arm,  au-d  at 
Niblack  Anchorage,  and  developments  were  actively  advanced  at 
most  of  the  other  properties.  The  two  years  following  were  years 
of  great  mining  excitement  in  the  Ketchikan  district,  many  luindreds 
of  mineral  claims  were  staked,  and  at  a  number  of  h)calities  system- 
atic mining  was  Ix^gun.  The  developments  of  tliis  region  uj)  to  the 
summer  of  1901  are  set  forth  in  nuich  detail  in  the  report  of  A.  H. 
Brooks^'  on  the  Ketchikan  mining  district. 

Up  to  this  time  the  Ketchikan  mining  district  was  included  within 
the  boundaries  of  the  'Wrangell  recording  district,  with  the  recording 
place  at  Wrangell.  Because  of  the  mining  interest  in  the  vicinity  of 
Ketchikan,  the  United  States  district  court  issued  the  following 
orders : 

Order,  tliat  l>oundnries  nf  tlio  Wran^ri'II  reionlinjr  <listricl  No.  l  be  so  far 
modifie<l  as  to  exclnde  from  bonndaries  of  said  district  No.  1  that  i)art  tliereof 
as  follows: 

Beierianiug  at  a  point  on  said  western  lioundary  line  <if  district  No.  i  sontli  of 
where  the  same  enters  Cliatliani  Straits  and  at  a  point  from  which,  rnnnin^ 
due  east,  will  pass  the  most  sontliern  jjoint  of  Coronation  Island  .">  miles  sonth 
of  the  same,  and  runninjr  northerly  alonj;  the  center  of  Snmmer  Strait  aronnd 
the  most  northerly  end  of  l*rinc<'  of  Wales  Island  to  ji  point  where  the  same 
joins  Clarence  Straits  and  lialf  way  between  the  most  westerly  point  of  ZaremlM) 
Jslnnd  and  the  most  east(»rly  p«Mnt  of  Point  Coljjoys  on  Prince  of  Wales  Island: 
thence  along  the  center  of  Ernest  Sonnd  :  thence  rnnnin^  in  a  northeasterly  direc- 

•  Report  of  the  Governor  of  the  District  of  Alaska.  is;n,  p.  ".1. 

^Brooks,  A.  11.,  Ketchikan  mining  district  :  Prof.  Papor  V.  S.  <;eol.  Siirv»'y  So.  1.  llMrj, 
pp.  »5>110. 

40840— Bull.  347—08 2 
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tlon  up  the  center  of  BrneBt  Sonnd  and  nortli  of  Deer  Iflli  to  tUtf  I'^itrr  c^f 
Bradfield  Canal;  thence  in  an  easterly  course  along  1      L  Cnn»1  to  the 

head  thereof;  then  in  a  due  easterly  direction  to  the  said  xnt  uiUmul  Boinul- 
ary  line;  thence  along  said  boundary  line  in  a  southeastorly  LMi\N.tton  tlirouich 
Portland  Canal  and  Portland  Inlet  to  Cape  Fox;  thenoe  we^trrly  nhmi;  viuid 
boundary  line  through  Dixcm's  Bntrance  to  a  point  due  south  of  tbe  e^nter  ot 
Chatham  Straits;  thence  due  north  to  the  place  of  begbmUig. 

Further  ordered*  that  area  within  boundaries  thus  establitht«tl  Uu  Uihiwu  an 
the  Ketchikan  recording  district  No.  8.  ^^ 

To  be  in  force  after  Vecemhet  1, 19(HL.    •  ^  ■  ^H 

Since  1901  rapid  progress  has  been  made  within  tfie  dustiict^  jind' 
several  large  new  mines  have  been  located  and  developed  to  a  prodiK- 
ing  stage.  In  1903-4  a  260-ton  smelter  was  erected  at  Co|>per 
Mountain^  and  in  1905  smelting  operations  began.  At  Ilndley,  on 
Kasaan  Peninsula,  a  350-ton  smelting  plant  was  built  iti  l[K)3r^^  and 
here  also  smelting  of  the  ores  began  late  in  1906.  The  building  of 
long  tramways  and  wharves  at  Niblack,  Skowl  Ann.  Karta  Bay, 
Hetta  Inlet,  and  other  localities  has  greatly, increased  tlie  faeilitin^ 
for  mining. 

The  town  of  Ketchikan,  the  official  headquarters  of  Urn  cUsnrict^  w 
on  the  west  side  of  Bevillagigedo  Island  and  on  tlR'  etist  nuh  of 
Tongass  Narrows.  It  was  first  located  in  1888  as  a  caiuiory  .siti^  wilh 
a  general  trading  store,  and  in  1900  it  was  incorporated  hb  a  tnwu. 
The  town  has  now  a  population  of  about  1,200  and  inclndt^w  I  wo  w^ll- 
equipped  hotels  and  several  large  outfitting  and  geriend  tradiiiie 
stores.  By  steamer  route  it  is  660  miles  northwest  of  Seattle  and  a40 
miles  southeast  of  Juneau.  Ketchikan,  as  it  is  situateil  just  TrO  milc^ 
north  of  the  southern  boundary  line,  is  the  first  port  of  entry  and  the 
last  port  of  departure  for  all  vessels  engaged  in  comnieree  in  south- 
eastern Alaska  and  the  commercial  distributing  point  for  tins  portion 
of  the  region.  It  is  connected  by  cable  with  Seattle  and  the  principal 
ports  in  southeastern  Alaska.  Besides  the  mining  intt*rests  there  an^ 
six  salmon  canneries,  sawmills,  and  various  other  indu^atries  of  com- 
mercial importance  in  the  district. 


WRANGELL  MINING  DISTRICT.  f 

Fort  AVrangell  was  established  by  the  Russian-Amerirnn  Fnr  Com- 
pany nearly  a  hundred  years  ago  and  received  its  name  froui  Baron 
von  Wran<^ell,  the  second  Russian  governor.  From  1837  to  1S47  il 
was  a  trading  post  of  the  Hudson  Bay  Trading  Companyj  which 
still  has  a  station  up  Stikine  River  in  British  Columbia, 

Gold  was  first  reported  on  the  bars  of  Stikine  River  as  far  back 
as  1S(;2,  and  in  1808,  word  having  been  received  at  Sitka  of  this  dis- 
covery, the  Russians  sent  an  expedition  to  Stikine  River  t<j  find  out 
whether  these  discoveries  were  in  Russian  territory  and  to  establi^ 
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the  boundary  between  the  Russian  and  Jinglish  possessions.  W.  P. 
Blake,  an  American  geologist,  accompanied  this  expedition  as  a 
volunteer  and  made  notes  on  the  geology  of  the  region  and  on  the 
occurrence  of  placer  gold,  which  were  subsequently  published  as  a 
Congressional  document.**  This  constitutes  the  first  authoritative 
information  in  regard  to  the  mineral  resources  of  southeastern 
Alaska. 

During  the  early  seventies  discoveries  of  placer  gold  in  the  Cas- 
siar  district  of  British  Columbia  attracted  hundreds  of  gold  seekers 
from  various  countries  to  Fort  Wrangell,  whence  they  journeyed  up 
Stikine  River  to  near  its  source  in  the  Cassiar  district.  This,  how- 
ever, was  a  long  and  difficult  trip,  and  many  of  the  gold  seekers 
began  prospecting  in  the  vicinity  of  Wrangell,  some  working  north- 
ward into  the  Juneau  district.  Mineral  locations  were  made  in  the 
following  years  on  deposits  of  gold,  copper,  and  silver-lead  ores,  but 
as  a  whole  this  section  remained  comparatively  idle  until  the  Klon- 
dike excitement  in  1897-98.  Then  Wrangell  again  became  an  im- 
portant transhipment  point,  because  Stikine  River  became  one  of 
the  routes  to  the  interior.  At  this  time  prospecting  was  again  ad- 
vanced in  the  Wrangell  district,  though  with  little  success.  In 
1900-1901  considerable  work  was  done  on  the  gold  and  copper  de- 
posits on  Woewodski  Island  by  the  Olympic  Mining  Company.  A 
large  stamp  mill  was  erected,  wharves  were  built,  and  other  surface 
improvements  were  made,  but  operations  were  soon  suspended.  The 
Wrangell  district,  though  it  has  not  advanced  l>eyond  the  prospect- 
ing stage,  contains  promising  mineral  deposits  both  along  the  main- 
land and  on  the  adjacent  islands.  Several  salmon  canneries  and  a 
large  sawmill  at  Wrangell  constitute  the  principal  resources  of  the 
district. 

The  town  of  Wrangell,  with  a  population  of  about  1,000,  including 
the  natives,  is  160  miles  south  of  Juneau,  is  the  distributing  point  for 
the  Wrangell  district,  and  is  also  the  official  headcjuarters.  It  is  still 
the  supply  port  for  the  interior  mining  camps  of  British  Columbia 
tributary  to  Stikine  River,  and  during  the  sunmier  months  a  large 
river  steamer  makes  stated  trips  between  Wrangell  and  Telegraph 
Creek,  170  miles  up  the  river. 

PRODUCTION. 

The  following  table  shows  the  total  metal  production  for  1905  and 
1906  of  the  ores  derived  from  the  copper  mines  in  the  Ketchikan 
district.  The  second  table  shows  the  average  content  j)er  ton  of  ore. 
Outside  of  the  Ketchikan  district  there  are  no  producing  co])pcr  mines 
in  southeastern  Alaska. 


•  House  Ex.  Doc.  No.  177,  pt.  2,  40th  Cong.,  2d  sess. 
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TifUil  itroducHnn  from  €oppcr  mines  In  the  Ketchikan  diftritt.   f'J'i^  itud  mm 
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Til  computing  the  value  of  the  metal  content  of  the  ores  the  averii^ 
values  of  silver  and  copper  in  1005  and  1906  were  taken,  as  followi?^ 
For  1905,  silver— $0,6Oi  per  ounce,  copper=0.156  per  pound;  few 
1906,  silver=$0>67  per  oanoe,  copper=$0,193  per  pound. 

The  total  copper  production  of  the  district  previous  to  1905  is  osti^ 
mated  at  1,600,000  pounds.    At  12  cents  per  pound,  the  average  pric 
of  copper  for  that  period,  the  value  of  this  is  $192,000*     The*** 
amounts  added  to  those  for  1905  and  1906  give  a  total  copper  pr 
duction  of  C,251,963  pounds  and  a  total  value  of  $1,134,276. 

The  remarkable  increase  noted  in  the  preceding  tables  fnun  thi 
mines  intlie  Ketchikan  district  has  brought  this  section  of  ^Vla^kl 
well  to  the  front  as  a  copper-producing  region.    Practically  the  firsJ 
lar^  shipments  were  made  in  the  spring  of  1905,  and  since  that  timd 
tlie  production  has  steadily  increased.    The  rise  in  the  price  of  cnp4 
per  from  an  average  of  $0,156  a  pound  in  1905  to  an  average  of  $t>.lSiJ 
a  pound  in  1900  has  pennittetl  the  profitable  extraction  of  copf 
ores  of  hnver  ^rnde  than  those  mined  in  l^o,  and  by  the  improvi 
ijK^!il  in  trnuspurtution  nml  nnnin^  rnndition>;  it  will  \w  possible  t| 
mine  ores  Htill  lower  in  metal  content.     In  11K)(;  thei^e  were  10 
diiriii*r  copper  mines  m  the  districts,  whereas  in   1005  only  6  we!i 
profliirlive. 

There  are  only  a  few  gold  mines  in  the  Ketdiikan  and  Wraiigei 
(lislrirls  aii<l  their  output  has  been  spasmodic.    Diirinfr  190(>  only  tl 
^old  muu*s  wi»ro  productive,  thoii*rh  from  several  others  there 
a  considerEihle  output  in  previous  years.    Brmiks  estimated  the 
gold  oiit]>nt  in  1001  to  l>e  $100,000.     From  1001  to  the  end  of  II 
the  prod  n  ft  ion  from  the  ^old  mines  is  estimated  at  $120,000.    The 
jimoiints  iidded  to  the  gohl  production  from  the  copper  ores,  \v1vk*1 
is  Jipi>rnximatcly  $110,000.  ^ives  a   tcrtnl   g(jld    otitput   of   i^HWji 
The  si  her  production  is  estimnted  Ml  $^^O.OO0  from  tlie  rop])er 
$16JI0U  from  the  gob  I  ores,  and  about  $4*000  from  the  silvei-lead  < 
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GEOGKAPmC  SKKTCII  OF  SOUTIIKA8TKRN  ALASIiA. 

Southeastern  Alaska  embraces  an  area  of  high  relief,  whose  domi- 
nating feature  is  the  Coast  Range  skirting  the  mainland  on  the  east 
(PI.  IV).  To  the  west  it  includes  Alexander  Archipelago,  with  its 
maze  of  waterways  and  numerous  islands.  These  islands  are  also 
of  high  relief,  but  in  general  the  uplands  fall  off  toward  the  Pacific. 
The  Pacific  Mountain  system  as  defined  by  Brooks'*  embraces  a 
broad  zone  of  ranges  lying  parallel  to  the  southern  coast  line  of 
Alaska  and  forming  with  it  a  curve  concave  toward  the  south.  Of 
these  the  Coast  Range,  the  St.  Elias  Range,  and  the  Aleutian  Range 
lie  adjacent  to  the  coast,  while  the  Alaska  Range  is  inland  and  forms 
the  northern  border  of  the  system.  In  southeastern  Alaska  the 
system  includes  the  Coast  Range  and  the  seaward  group  of  moun- 
tainous islands  of  Alexander  Archipelago.  The  same  general  sub- 
division into  a  mainland  Coast  Range  and  an  outlying  mountainous 
belt,  called  the  Vancouver  Range  by  (1.  M.  Dawson,''  continues  into 
British  Columbia,  where  it  is  more  sharply  marked.  The  Coast 
Range  extends  from  southern  British  Columbia  into  southeastern 
Alaska,  where  it  lies  partly  in  Alaska  and  partly  in  Canada.  To  the 
northwest  it  passes  inland  behind  the  St.  Elias  Range  and  thence 
decreases  in  altitude,  gradually  merging  into  the  interior  plateau. 
A  remarkable  feature  of  this  range,  which  was  noted  by  Dawson^ 
and  Hayes,**  is  the  uniformity  of  the  summit  levels,  which  present  the 
appearance  of  a  dissected  plateau. 

The  mountain  masses  composing  the  outlying  islands  of  south- 
eastern xVlaska,  though  separated  from  the  St.  Elias  Range  on  the 
north  by  Cross  Sound  and  not  orographically  connected,  are  geologic- 
ally similar  and,  as  suggested  by  Brooks,'^  may  properly  be  considered 
the  southeastern  extension  of  the  St.  Elias  Range  (PI.  TV). 

From  Dixon  P2nt ranee,  the  southern  limit  of  Alaska,  to  Cross 
Sound,  a  distance  of  500  miles,  the  islands  and  mainland  are  broken 
by  an  intricate  system  of  waterways  and  fiords.  Some  of  these  reach 
far  inland,  but  they  frequently  run  parallel  with  the  coast.  Chatham 
Strait,  with  its  northern  extension,  Lynn  Canal,  is  the  longest  fiord. 
It  passes  over  three  degrees  of  latitude,  a  distance  of  250  miles,  and  is 
from  3  to  6  miles  broad  with  a  depth  of  from  1,000  to  2,500  feet. 
This  fiord  traverses  the  general  trend  of  the  mountain  ranges  and  the 
bedrock  structure  at  an  angle  of  about  30°  and  in  this  differs  from 

•  Brooks,  A.  H.,  Geography  and  gpology  of  Alaska  :  Prof.  Paper  U.  S.  Oeol.  Survey, 
No.  45.   1900,   p.   28. 

•Trans.  Roy.  Sec.  Canada,  vol.  8,  sec.  4,  1800,  p.  4. 

«  Dawson,  G.  M.,  Report  on  the  area  of  the  Kamloops  map  sheet,  British  Columbia: 
Ann.  Rept  Geol.  Survey  Canada,  new  ser..  vol.  7,  1804,  p.  10  B. 

*  Hayes,  C.  W.,  An  expedition  through  the  Yukon  district :  Nat.  Geog.  Mag.,  vol.  4,  1892, 
pp.  4-24. 

•Op.  clt,  p.  29. 
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the  other  watercourses,  which  are  either  parallol  lu  t       oaht  Utie  anj 
trend  of  the  rock  beds  or  cut  across  theiu  irregularly  ut  mich  greult^ 
angles.    Both  the  geology  and  the  topography  indicate  thnt  the  ]m4 
tion  of  Lynn  Canal  and  its  southern  extension,  Chnthuin  Strtiil, 
determined  by  a  line  of  faulting  (PL  lY).    Other  important  fioni 
are  Portland  Canal  (PI.  V,  ^1),  Clarence  Straii,  liehm  CsumK  Tnkii 
Inlet,  and  Glacier  Bay,  each  of  wMch  has  its  own  c!iaracU*rj*H(.ic 
These  waterways,  which  are  long,  narrow,  deep  arms  of  ibe  stsa  e^ 
tending  far  back  into  the  mountains,  have  been  fipllv  con j pared  xviilf 
wide,  slowly  flowing  rivers.    The  flow  varies  with  tlit*  tide,  tht*  ri^ 
and  fall  averaging  about  15  feet  and  causing  strong  eddies  and  cm 
rents  between  periods  of  high  and  low  water.     In  southeastern  Alik^h 
these  inland  passages  are  known  locally  not  a^  HonU  but  m  canala 
straits,  inlets,  coves,  bays,  sounds,  and  arms.    They  nm  a  di^imcin 
and  dominating  feature  of  the  country  and  furnish  [toth  ('tri^rH  ve  and 
safe  routes  of  communication  between  different  |>oints  of  a  v^gm 
which  is  otherwise  mountainous  and  difficult  oi  niteHs.    Tlit'  topog- 
raphy is  so  rough  and  uneven  that  only  at  grrat  expensi^  ant  I   laH 
favored  localities  can  even  wagon  roads  be  const nirted  and  i*ailrtmdi" 
of  any  length  can  hardly  be  considered.    Thr  fiords,  liowi^vt't%  not 
only  are  of  the  greatest  value  as  highways  of  C(>niiu<uce,  iuit  pns^*K.s  a 
great  commercial  asset  in  the  immense  quantities  of  (ish,  e.^j>t?ciatly 
salmon,  halibut,  and  herring,  which  throng  tht*ir  waters  at  diflVrenl 
seasons  of  the  year.    The  ease  with  which  transportation  mn   I; 
effected  is  also  an  important  factor  in  mining  ojjerations  and 
lumber  industrv. 


GEOGRAPHY    OP    THE    KETCHIKAN   AN1>    WHAKCSKX-Xi] 

DISTRICTS. 

GENERAL  STATEMENT. 


The  area  considered  in  the  present  report,  the  Ketchikan  and 
Wran^ell  districts,  is  located  at  the  southern  end  of  the  Alaska  paii" 
liandle;  it  Wgins  at  Portland  Canal  and  is  limited  on  the  north  by 
Frederick  Sound.  Its  total  land  area  approximates  14,500  aqnafe^] 
miles,  about  one-third  of  which  is  included  in  islands.  Of  then 
I^rince  of  Wales  Island  is  the  largest,  and  Revillagigedo,  Kupreanofi 
and  Kuiu  islands  are  next  in  size. 


GEOGRAPHY.  2? 

In  the  following  table  an  estimate  is  given  of  the  area  of  the  main- 
land and  of  the  larger  islands  in  each  district: 

ArecLs  of  the  Ketchikan  and  WrangeJl  districts. 

Ketchikan  district:  Square  miles 

Mainland  4,050 

Islands  t)ver  100  square  miles  in  area : 

Prince  of  Wales  Island 2,800 

Revillagigedo  Island 1,120 

Gravina  Island 102 

Annette  Island 133 

Dall  Island 275 

Kosciusko  Island 160 

Total  of  islands  less  than  100  square  miles  In  aresi 730 

9, 370 

Wrangell  district: 

Mainland 2,200 

Islands  over  100  square  miles  in  area  : 

Kupreanof  Island 1,080 

Kuiu  Island 750 

Mitkof  Island 200 

Wrangell  Island 220 

Etolin  Island 330 

Zarembo  Island 180 

Total  of  islands  less  than  100  square  miles  in  area 170 

5, 130 

Grand  total 14,500 

MAINLAND  BELT. 

The  mainland  belt  includes  the  mainland  area  and  the  islands  which 
lie  east  of  a  line  extending  from  Dixon  Entrance  through  Clarence 
Strait  and  Duncan  Canal  to  Frederick  Sound.  In  general  aspect 
the  topographic  character  of  this  eastern  portion  differs  but  little 
from  that  of  the  other  portions  of  the  Coast  Range  province  to  the 
north  and  south.  The  mountains  rise  abruptly,  at  some  places  in 
sheer  cliffs,  from  tide  water  to  elevations  of  2,000  to  5,000  feet,  and 
the  peaks  farther  inland  reach  altitudes  of  0,000  to  10,000  feet.  These 
mountain  masses  are  made  up  essentially  of  the  immense  batholiths 
of  the  Coast  Range  granite, "  and  the  land  features  are  chiseled  on  a 
correspondingly  broad  scale.  Owing  to  the  mode  of  formation  and 
physiographic  development  of  these  mountains,  there  is  frequently  a 
decided  lack  of  bed-rock  control  of  the  lines  of  drainage  or  erosion. 
Though  profoundly  dissected,  the  mountains  show  a  notable  tend- 
ency to  uniformity  of  elevation  in  the  crest  lines  of  their  summits 
(PL  y^A).  These  summits  are  usually  broad  and  somewhat  flat  with 
gently  arched  backs,  and  if  the  intervening  precipitous  valleys  were 

•  See  p.  Gl. 
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filled  to  their  original  pi-ofiles,  there  would  be  nn        lubtiiii;  aa 
warped  surface  sloping  gradually  seaward  fn»iij  t        neuter  t>f 
range. 

The  land  forms  over  the  entire  area  indicate*  aii  intensely  glnciatf 
region  which  has  been  but  slightly  modified  hy  wntrr  ciusifin  jsiiic 
the  glacial  epoch.    At  the  time  of  the  maximum  irt*  tliMMiing,  diirir 
the  glacial  epoch,  the  ice  sheet  covered  the  whok^  arc*n  witli  thi*  ifxeej 
tion  of  isolated  high  peaks  which  can  be  recogni/-<^c|  ai  i>n',spiit  liy  Hm| 
sharp,  serrated  outlines  and  lack  of  glacial  n^mulidg.     Even  at  til 
present  time  of  glacial  drought  a  number  of  sum  11  iee  fields  an-  ^i^ 
within  the  Coast  Range  belt  of  this  area,  locati^^t  nlmvr  snow  Ihic*  at 
sending  small  tongues  down  the  valleys  even  to  iu]v  Avnter.     The  Np 
cial  features  of  glacial  sculpture,  as  U-shaped  vnlleyts  fiordi^,  gl^ci^ 
erratics,  cirques,  hanging  valleys,  double  clifl  sIojk^s,  IniTiaitiun 
spurs  and  tendency  toward  perfect  alignment  T»f  rlilf  buKHs,  gUivli 
grooves  and  stria*,  and  roches  moutonneeSj  are  drvc loped  to  a  reniHrfc- 
able  degree  within  this  area.    The  noticeable  iil)st^iicH»  of  niorHine^  i| 
such  an  area  of  extensive  glaciation  is  due  t  lu<Hly  to  tho  peetiUa 
steepness  of  the  mountain  and  valley  slopes.    Muriy  t»f  tl»*  *i(^rd?c  411? 
floored  by  sand  and  gravel  moraines  and  art^   fiT^iiivnUy   pjirlia1l| 
choked  at  their  entrances  by  morainal  materia L     Ainou^  tin*  bi^Iier 
mountains  inland  small  glaciers  are  present,  and  in  Ijt»  Cmitt^  atnl 
Thomas  bays  they  extend  to  tide  water,  but  iioni*  \\t*vv  olj^ervanl 
the  adjacent  islands. 

Forelands  occur  locally  (PI.  V,  ^1),  but  are  of  Hmall  liXtent,  and  the 
only  large  areas  of  level  land  in  the  region  art'  nt  Dip  tiK»iitlis  of  tlie 
greater  watercourses,  notably  at  the  mouth  of  SnkiiiL^  liivei^  wher^^ 
the  c()unt(»raction  of  the  tide  and  stream  flow  has  caused  the  depo^iitiDiH 
of  sands  and  muds  and  formed  broad  tide  flats. 

Peninsulas  and  islands  adjacent  to  the  maijiliuid  juc  Hi^paraLcd 
decj),  narrow  fiords  extending  many  miles  inlaii<l,     C'levelnnd  Peniil 
sula,  the  l;ir<i:cst   of  these  [)r()mont()ries,  is  10  I0   ITi  lulh^s  wUlv.  nt 
contains  niountnins  whose  summits  reach  over  4t<XM)  feet  ill  ehn^atk 
Jvcvilhi^ri^edo  Island  is  separated  from  the  mainland  by  Behni  Ca 
a  narrow,  ste(»p-sided  fioi-d,  which  surrounds  the  eastern  half, 
mountain  (()i>s  ran^e  fi'om  *J.()0()  to  4,000  feet  above  sea  k^'el.     tteor 
and  Carroll  iidets  and  Thorne  Arm  dissect  this  island  and  border 
now  promontories  whose  altitudes  reach  about  '^,fl^)0  feet. 

T\w  mainland   belt   is  intricately  dissected  by   natiow   steep-Hid^ 
valleys  h(^a<lin^'  in  mountainous  canyons,  many  of  which  are  fille<I 
with  snow,  or  in  glacial  cii-ques,  many  of  which  c(jnrain  small  ^rlneier* 
or  patches  of  ice.     The  initial  descent  of  these  valleys  is  steep,  tb^^ 
streams   often    forming  beautiful    waterfalls   of  great    v^olunie    ailH 
power.     Tributary  creeks  or  rivers  enter  from  iK>th  sides,  the  valle>rs 
gi-adually  widen,  and  the  valley  floors  become  covered  with  a  gi'avi 


GEOfiKAPHY. 


25 


'I 


wa*sb  consisting  largely  of  gravul,  cnl>l>)(*s,  jind  Ijtjwldors  of  graiiiti'. 
Ah  tlie  gnulc  dcc"jx*ust^s  Uip  ^nivel  IkhIs  lii^t-onic  (U^j^iM^r  and  wuU*r  and 
the  streani  liow.s  Hroimd  the  Hunks  of  prL^cipituiiw  nioiinlaiii  spurs  mid 
entem  the  sea  at  the  head  of  some  tidewater  inlet<  The  tide  flats 
at  tht!se  points  are  usually  wide  imd  are  eoniposed  of  fine  i^anil  anil 
uuid,  th<*  depth  to  bed  rock  being  prolnibly  several  hundred  feet* 
They  extend  into  the  channels  for  a  short  distance  beyond  the  low-tide 
line  and  there  end  abruptly*  Depths  of  50  to  100  fathoms  are  com- 
mon in  these  inlets  a  short  distance  from  the  shon\ 

The  largest  of  tlicse  valleys  is  that  of  Stikine  Eiver  (PL  VI),  which 
risevS  in  British  IVilnnibia,  crossi^is  the  Coast  Range  mountain  clivide, 
and  forms  a  draimige  valley  for  part  of  the  inland  plateau.  Its 
numerous  branches  interlock  (1)  with  the  headwaters  of  Taku  Riv^; 
(2)  with  the  streams  flowing  into  the  Yukon  to  the  northeast;  (Z) 
with  the  streams  tributary  to  Dease  Lake  and  Dease  River  to  the 
northwest,  a  part  of  the  McKenxie  Rivi»r  drainage:  and  (4)  with  the 
streanjs  flowing  south  into  Nass  River.  The  upiH-r  valley  of  Stikine 
River,  which  here  flows  in  a  southwesterly  direction,  is  broad  and 
slo|>es  at  low  angles.  It  changes,  however,  to  a  canyon  as  it  Ix^gins 
to  traverse  the  (Vmst  Range,  and  in  Kloochnniii  and  Little  canyons 
stet^[>  cliifs  rise  abruptly  1,(K)0  feet  or  more  t>n  each  side.  Below 
Kloochnian  Canyon  the  river  changes  its  course  from  a  southwesterly 
to  a  general  southerly  direction,  and  :20  miles  from  its  month  it  bends 
sharply  to  the  west.  Throughout  its  course  in  the  mountains  the 
effects  of  ice  sculpture  are  \asible  and  dominate  the  lauilscape.  Sev- 
eral largi*  ghiciers,  notjd>ly  Flood  fxlacier*  Dirt  (Tlacier,  Ctreat  Olacien 
and  Popof  (ilacler,  still  oceuin"  tributary  valleys  and  can  bo  observed 
from  the  main  valley.  Stikine  River  readies  salt  w^ater  at  the  head 
of  Stikine  SiMinil,  12  miles  north  of  Wrangell,  where  n  wide  delta  has 
l/een  formed. 

Among  other  river  valleys  are  those  of  the  Unuk  and  Chickamiu, 
bcjth  large  rivers  and  next  in  size  to  the  Stikine.  Their  source,  how- 
ever, is  on  I  lie  western  s1o|k^  of  the  mountain  divide  and  their  valleys 
are  more  or  lesn  canyonlike  to  the  sea,  a  distanc^^  of  less  than  tlO  miles. 

The  seaward  extension  of  many  of  tliese  valleys  is  represented  by 
tide-water  chaiuxels  or  fiords.  The  largest  of  these  in  this  region  is 
Portland  Canal,  which  extends  inland  150  miles,  w4th  an  easterly  and 
then  northerly  coin*se  {Vh  V^  *!)*  It  is  only  a  mile  or  two  in  width, 
from  100  to  i>tK»  fathoms  deep,  and  the  mountains  rise  to  elevations 
of  4,*KK)  to  tiJXH)  feet  a  short  distance  inland  from  its  sides.  Bear 
and  Sidmon  rivers  tenter  at  the  head  of  this  canal.  Next  in  size  is 
Behm  Canal,  which  branches  west  and  south  from  the  mouth  of  Unuk 
River.  The  southern  branch  is  much  broader  than  Portland  Canal,| 
and  several  smaller  river  valleys  and  inlets  are  tributary  to  it  from 
thi*  easi,  as  Smeaton  Bay.  Rndyerd  Bay,  Walker  Cove,  ami  Chickamin 
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River.    The  west  branch  of  Behm  Canal  is 

takes  a  southwesterly  course  and  widens  into  a 

entering  it.    Among  the  smaller  canals  are  \Vf_^_ 

Inlet,  Boca  de  Quadra,  and  Bradfield  Canal  on  thc»  mainlnnd,  iin^ 

Thorne  Arm,  Carroll  Inlet  and  Greorge  Inlet  on  Il(?vjllairi^Hlo  Islaml 

SKAWARD  ISLANDS. 

There  are  no  topographic  maps  of  Prince  of  Wnloti,  Kuiu^  or  Kup 
reanof  islands,  and  little  is  known  in  detail  of  t\wir  yiiihy  courses  m 
the  trend  of  their  mountain  ranges.    The  shori^  line  Iuih  U^cti  ear 
fully  mapped  along  the  eastern  portions  of  the^e  ihIhikIs,  but  tunc 
remains  to  be  accomplished  along  the  western  co^st,  natiilily  on  Princ 
of  Wales  and  Kuiu  islands. 

Prince  of  Wales  Island  is  80  miles  long  and  30  niUi^  wide;  it; 
shore  line  is  indented  by  numerous  bajrs  and  inletn,  whieli  an*  chiit- 
acteristic  of  the  entire  coast.  It  is  separated  from  lite  jtialiihitKJ  bj 
Clarence  Strait,  a  deep  channel  about  4  miles  vvitle,  running  north 
and  south.  Portions  of  the  west  coast  are  directly  exposc*d  to  the 
Pacific  Ocean,  but  most  of  it  is  protected  by  the  Kruail  sen  wurfl  ihIiiikIs^ 
the  largest  of  which  is  Dall  Island.  Viewed  tram  the  ehann^lK, 
Prince  of  Wales  Island  presents  a  mountainous  muss  of  Vi^ry  m-vgnhir 
outline.  Its  relief,  however,  is  less  rugged  thnn  thiit  of  tlie  main- 
land or  of  some  of  the  islands  to  the  north,  such  as  Barunnf  Ts^ltmrl^ 
A  low  pass  across  the  island,  4  miles  long  and  less  than  150  f(^t  in 
elevation,  connects  the  head  of  Cholmondeley  Sound  on  the  east  with 
the  head  of  Hetta  Inlet  on  the  west  coast.  A  neither  pasi3,  6  milen 
long,  unites  the  south  arm  of  Cholmondeley  Soun<l  with  Klakfts  Inlet. 
The  head  of  Twelvemile  Arm  also  is  connected  with  Big  ITarlK*r  tm 
the  west  coast  by  a  portage  several  miles  long.  Numerousf^  lake»  oc?cnr 
inland  both  in  low-lying  valleys  and  in  basinj^  from  t,000  to  2,€ 
feet  in  elevation.  The  mountain  sunnnits  ran^^e  in  height  from  2,1 
to  over  :^,00()  feet,  the  highest  being  C()pi)er  Mountain,  ilSOO  feet  aW 
sea  level. 

Still  less  is  known  of  Kupreiinof  Island.  On  its  north  end  ai*e  iv 
small  mountain  ranges:  the  one  northeast  of  Kake  village  hfus  siiio- 
mits  reaching  altitudes  of  ?>,000  feet,  and  the  other,  tlie  Boheniian 
Kange,  just  west  of  Portage  Bay,  includes  peaks  2,500  feet  in  eleva- 
tion. The  southern  end  of  the  island  consists  of  low-lying  liills 
larely  exceeding  1,000  feet  in  altitude.  A  low  pnss  fmm  the  head  of 
Duncan  Canal  to  Portage  Bay  nearly  separates  the  eastern  from  the 
western  half  of  the  island. 

Kupreanof  is  separated  from  Kuiu  Island  ^y  Keku  Strait,  ati 
irreguhir  tide-water  passage,  through  which  mtly  small  boats  eau 
pass.  Kuiu  Island  is  deeply  dissected  by  bays^  which  almost  divid<i 
it  and  giv(»  it  an  extremely  irregular  shore  line.    At  the  head  of  Baj* 
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of  Pillars  is  a  portage  1  mile  in  length,  which  connects  with  Port 
Camden  on  the  east  side  of  the  island.  Another  low  pass  extends 
from  the  head  of  Port  Camden  to  Threemile  Arm  on  the  southeast 
side  of  the  island.  Small  mountainous  areas  were  noted  on  the  west 
coast  of  Kuiu  Island  east  of  Washington  Bay  and  on  the  two  penin- 
sulas forming  the  south  end  of  the  island.  Few  of  the  highest  peaks 
exceed  2,500  feet  in  elevation,  and  the  mountain  summits  are  gen- 
erally less  than  2,000  feet. 

In  general  both  the  course  of  the  valleys  and  the  trend  of  the  small 
mountain  ranges  of  these  outer  islands  conform  to  the  underlying 
rock  structure,  which  has  largely  controlled  the  erosive  processes. 
The  intrusive  masses  and  upturned  edges  of  resistant  schists  and 
limestones  persist  above  the  general  level  and  form  the  hills,  ridges, 
and  mountain  peaks.  The  areas  of  soft  shales',  sandstones,  and  less 
resistant  rocks  are  marked  by  lowlands,  deep  valleys,  and  channels. 

No  glaciers  or  ice  fields  are  now  on  these  islands,  but  evidence  of 
former  glaciation  is  everywhere  present.  On  Prince  of  Wales  Island 
basins  scooped  by  glacial  action  and  now  filled  with  lakes  occur  at 
elevations  of  600  to  2,000  feet  in  the  vicinity  of  Copper  Mountain, 
and  the  surrounding  mountains,  composed  essentially  of  granite,  are 
well  rounded  and  have  on  them  many  large  bowlders  which  are  evi- 
dently erratics.  In  the  Klawak  Range  to  the  north  are  several  clearly 
defined  glacial  cirques  containing  small  lakes  and  surrounded  by  more 
or  less  jagged  crest  lines.  In  the  rock  exposures  along  the  tide-water 
channels  grooves  were  observed  in  a  few  places  which  may  also  be 
attributed  to  glaciation.  Similar  phenomena  were  noted  on  Kuiu  and 
Kupreanof  islands. 

The  coast  line  of  these  islands  is  broken  by  bays,  coves,  and  chan- 
nels. The  hydrographic  maps  of  this  area  show  numerous  excellent 
harbors  and  many  protected  channels  which  favor  navigation.  One 
of  the  striking  features  is  the  shallowness  of  many  of  the  bays  and 
channels  as  compared  with  the  depths  noted  in  the  fiords  of  the  main- 
land belt.  Again,  the  river  deposits  at  the  heads  of  bays  have  a 
gradual  slope  and  do  not  descend  abruptly  into  deep  water  a  short  dis- 
tance from  the  shore,  as  do  the  tide  flats  along  the  mainland.  These 
facts  and  the  topographic  observations  tend  to  show  the  greater  ad- 
vance in  topographic  development  of  the  seaward  portion  in  contrast 
with  that  of  the  mainland.     (Compare  PL  V,  A^  with  PI.  V,  B.) 

ClilMATIC   CO]ST)ITI()N8. 

The  annual  changes  in  climatic  conditions  in  southeastern  Alaska 
are  not  so  varied  as  might  be  expected  for  a  region  lying  between  55° 
and  60®  north  latitude.  The  effect  of  the  warm  ocean  current  of  the 
northern  Pacific  is  strongly  felt  and  serves  to  moderate  the  climate. 
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Til*         I 


This  region  is  cha meter i zed  by  mild  w  I 

by  heavy  pi^pitation,  which  m  great      at  t      p  ijiostnl  to  tf 

mn  mid  dimiaishes  somewhat  inland.    Ii       ly  ail  |itvjL*i[^yiiatii] 

below  an  elevation  of  ^lOO  £eet  is  in  the  form  of  raiiL     Mo^t  of 
rain  falls  betw^n  the  first  of  Septiamber  and  the  la^t  of  Jitntutq 
though  the  amount  varies  greatly  from  one  year  to  Mi^ther.     The  j 
son  of  least  rainfall  is  geneimlly  from  April  to  July.  ^* 

The  prevailing  winds  come  from  the  southwest^  atid  I  war  hurtiif 
atmospliere  from  the  sea,  which  gathers  about  the  uiouutain  rai 
and  condenses  in  the  form  of  fog  and  rain,    ThiB  causJC^  escets^i 
rainfall  along  the  western  slopes  of  the  Cmist  Hnii^^i\  while  th**  in 
land  rt^gions  to  the  east  suffer  for  want  of  tlic  nuns  tlnis  intennrpti' 
A  change  from  a  southwest  to  a  north  wind  almost  invariably  brin; 
fair  weathei. 

The  temperature  throughout  the  year  is  mild>  tbethermomet 
rarely  falling  to  zero  Fahrenheit  at  the  lower  t^'lovjitioius.     The  sno 
fall  is  heavy  in  the  mountains^  from  S  to  8  feet  in  deptlu  but  near 
sea  kvo!  uot  more  than  a  few  inchc«$  of  snow  fall  at  om  time  during' 
an  ordinary  winter  and  this  soon  disappears*  /  ^M 

Two  taiiles  from  a  report  on  the  meteorology  compiteil  by  Clevehmtl     ' 
Ablje,  jr.,"  fallow,  one  presenting  the  average  rainfall  put  niontJi  in 
inches  at  different  points  along  the  coast,  the  numbers  represenliiig  th^* 
mean    pi-ecipitation  for  two  or  more  years;  the  otlior  giving  tlie 
avemge  maximum  and  minimum  temperature  in  Jegrt^^as  Fahrenhei^j 
for  each  month,  as  recorded  at  the  different  stations  for  [>eriod!j  ^^'^l 
several  years.     A  third   table,  compiled  by  Alfred   IL  Brookj^,  t^^ 
added  for  the  purpose  of  comparison.     It  gives  the  average  inonthly 
temperatures  at  various  stations  in  southeastern  Aht^ka  and  at  for 
eign  localities  of  about  the  same  latitude.    The  data  from  the  statioi 
at  P(nl  Angeles  in  AVashington  is  included  with  the  othei-s  ta 
the  slight  diftei^^nee  that  exists  between  the  average  monthly 
jit^i'utdro  in  sitntlieastern  Alaska  and  that  of  the  portion  of  WaS 
iiigtiKi  adjiircnt  to  ihv  <'oiist, 
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Statliin. 


WranpeH 

K  ill  I.H  in  >fu, ,_-.,. 

rJiniuuii 

Sltneivoi'.-. 

SJlka 


n.m 
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Feb, 
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4.11  ' 
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4.(M 

3.m  1 

4,38  J 

4.fl2 

7.04  ' 

.R7 

.(M 

2.39  ' 

7.47' 

0.70 

5.01  ; 

May*  June.' JulyJ  AiiK<  R«I)h 


3.n 
4.'^ 
4.11 


!3.r* 

a.ffi. 

3.07 

0.03 

^.m 

4.1^1 

4.iW 

7.70 

a.oii 

S.Ott 

t>..^ 

If.ftU 

.00 

1.7S 

l.&l 

S.47 

|...i 

3.56 

a.Bt 

».07 
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Monthly  maximum  and  minimum  tempcraturcH  in  southeastern  Alaska. 
[In  degrees  Fahrenheit.] 


Statioti. 


I 


Jan. 


Feb. 


I 


WraoffriL- 
KlUbnoo-- 
Juntafl^... 

Sitks 


47  I 


Station. 


58  2 

52      -2  ;     50  I   -10 
44  I       4        50  4 

42  1   -4         44  I   -  9 
51   1-2        54-3 


I 


Mar. 

Apr. 
64  1  24 

1 
May. 

June 

8f> 

54  '  -10 

78 

38| 

3»i 

52  ,    -  2 

03  ;  15 

76 

24  1 

76 

83 

01       -  5 

61     28 

69 

29  1 

90  i 

3<$ 

63      -10 

61   1  16 

79 

25  ! 

90l 

31 

65      -  1 

70  .  19  1 

80 

28i 

80  i 

33 

July. 


AUR. 


Sept. 


Oct. 


Nov. 


WrangelL- 
Killisnoo- 

Juneaa 

Ska^way.. 
Sitka 


82 

44 

84 

43 

73 

38 

84 

38 

81 

36  1 

69 

27 

86 

40  ! 

71 

39  , 

o.-> 

34 

92 

39 

80 

32  1 

76 

30 

87 

35 

82 

39 

1 

74 

32 

07 

31 

60 

25 

65 

23 

60 

16 

65 

25 

Dec. 


53 

4- 

1 
52  , 

-3 

53 

1 

54  1 

1 

56 

10 

54 

8 

51 

7 

57 

-4 

59 

o 

59 

i 

Mean  monthly  temperatures  for  stations  in  southeastern  Alaska  and  for  foreign 
localities  near  the  same  latitude.'^ 


Station. 


I  In  desrrees  Fahrenheit.] 


Latitude.     Jan. 


JO 


58 


Wrangell 

Sitka :_ 

Juneau - 

Klllisnoo 57 

Port  Angeles,  Wash- 48 

Christiania.  Norway 60 

Hdsinirf era,  Finland 60 

Stockholm,  Sweden.. 59 

Scotland 57 


3:^ 
3  i 
18  i 

28  I 
10  ' 

.^1 


26.2 
32.9 
27,5 
27.7 
34.7 
24.1 
20.9 
33.5 
37.1 


''eb. 

Mar. 

30.8 

31.  (J 

83.6 

37.1 

24.7 

:«.5 

26.8 

a3.i 

36.7 

41.7 

23.9 

29.5 

18.8 

26.2 

29.5 

33.8 

38.4 

39.5 

Apr.    I   May. 


42.7  ' 
42.1    I 
40.1   ! 
30.9  I 
45.0 
:«).9 
.34.8 
39.5 
44.1 


49.3 
47.6 
47.0 
45.6 
50.6 
50.9 
44.1 
52.5 
49.0 


June. 

July. 

55.3 

rs.2. 

51.9 

55.1 

53.6 

56.6 

61.6 

55.2 

54.0 

56.6 

59.9 

02.6 

56.9 

61.9 

57.0 

59.1 

54.8 

57.1 

Station. 


Latitude. 


Wrangell 50  33  , 

Sitka - 57  3 

Juneau 58  18  i 

KUllsnoo _ -  57  28  I 

Port  Angeles.  Wash .'  48  10 

Christiania,  Norway... (50 

Helsingfors,  Finland 60  20 

Stockholm,  Sweden -|  59 

Scotland '  57  30 


Aug. 


57.5 
50.4 
.'vi.O 
54.4 
5(i.8 
(iO.f; 
58.3 
59.3 
:i6.0 


Sept. 


.->2.3 
52.. 3 
49.9 
47.8 
52 . 7 
52.7 
50!5 
.\3.0 


>«'<•.      Average. 


45.  D 
46.2 
41.9 
41.1 
47.7 
41.9 
43.9 
40.0 
40.4 


:«.5 
:«.9 

31.2 

:w.4 

42.4 

;{2.i 

33.7 
.35.6 
40.0 


32.9 
:i5.8 
29.3 
.30.1 

:«.2 

25.  C 
21.7 
27,. 3 
37. H  , 


43.0 
44.2 
40.9 
40.3 
40.1 
41.9 
39.2 
43.4 
46.1 


•Compiled  by  Alfred  H.  Brook.s  from  the  following  publioations:  U.  S.  Weather  Bureau 
reports:  Landrugsdirekt,  Beretning,  1893;  Pfver,  Finska  Vetenskaps  Soc.  Forhandlinger;  Me- 
teror  laktag.  i  Sverige  k.  Svensk  Veten.s.  Akad.,  1890;  Trans.  Highland  and  Agric.  Soc.  Scot- 
land.  1895. 

These  tables  show  that  climatic  conditions  in  the  Ketchikan  and 
Wrangell  districts  are  favorable  for  the  development  of  mining  enter- 
prises. The  abundant  precipitation  is  rather  trying  to  those  w^ho 
are  accustomed  to  a  more  arid  climate,  but  this  rainfall,  though 
a  drawback  to  the  prosj^ector,  does  not  interfere  with  mining  devel- 
opments. In  fact,  it  is  an  advantage,  as  it  furnishes  considerable 
water  power  which  can  be  utilized  in  mining  operations.  Except  at 
high  altitudes,  snow  does  not  interfere  materially  with  transpor- 
tation or  mining. 
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TIMBER  AKB  YBGBTATION. 
DISTRIBUTION  OP  TIMBER."  t 

Southeastern  Alaska  is  mostly  forested,  but  the  portion  t^ov43T 
with  a  commercial  stand   (marketable  timber)    \s  n<la(i\'ely  ^iiialtj 
The  greater  part  is  included  in  the  Alexander  Archipt'lago  NatiotiH 
Forest. 

The  forests  of  the  region  are  made  up  of  the  coitiferouB  niiock 
showii  in  the  following  list,  which  presents  h1si>  nn  I'stimntc  tit  t\v 
approximate  quantity  of  each: 


Trees  of  Moutheaatem  Alaaku, 


Western  hemlock,  Tsuga  hetertpphylla 

Sitka  si)ruce,   Picea  HtchenHa 

Yellow  cellar,  Chamaccyparis  nootkaenBis 

Red  ciHlar,  Thuya  plicata 

Alpine  liemlock,  Tsuga  mertensiana 

Jack  pine,  Pinun  conforta 


m  to  T0_ 

1^  !*> 


.^ 15  1i> 


The  amount  of  timber  in  the  stands  of  commercial  foreata  v%m 
greatly,  ranging  from  30,000  to  80,000  feet    (hoanl   nioii^iiiri*)    pi*r" 
acre.    The  average  stand  of  saw  timber  along  this  ((Mist,  htiivever|, 
is  much  less,  probably  not  more  than  5,000  in  10,(X)0  feet  per  nr 
because  of  the  wide  intervals  of  poor  forest  growl h  in  the  swamp j 
areas  and  on  the  higher  slopes. 

Except  on  the  limited  areas  of  alluvial  depoKits  ixUmg  the  Btreama 
the  logging  conditions  are  not  good,  the  best  tirnln'r  imng  t>ii  KU*ei 
or  rough  ground. 

Although  the  hemlock  is  the  dominant  troe  and  the  best  timl 
for  general  purposes,  it  is  little  used  for  saw  timber  becausti  nf 
public  prejudice  against  it.  Loggers  often  object  to  cutting  it 
cause  its  excessive  weight  adds  to  the  difficulty  of  towing.  It 
used  at  present  chiefly  for  piling,  for  which  it  is  well  adapt*^ 
cut  (hiring  the  winter  months,  when  the  burk  is  close  and  not 
susceptible  to  the  attacks  of  the  ship  worm  {Toredo  iianalis}, 
tree  of  greatest  pres(»nt  commercial  value  is  the  spruce,  which 
used  for  all  purposes.  Its  soft,  fibrous  wood  has  little  shearir 
strength  and  is  not  serviceable  for  ore  bunkers,  bins,  or  other  stnic 
tures  recpiiring  great  strength.  Many  spruce  ti"et*s  have  naagniBceii 
proportions,  and  the  average  3^ield  of  lumlx^r  ftn*  each  ti^ee  is 
3,000  to  4,000  feet.  "     _ 

The  supply  of  standard  spruce  logs  available  byl>each  hfln3  log 
ging  has  now  nearly  been  exhaustcul,  so  thai  the  usi*  of  hemkK*k  i? 
increasing  and  mine  operators  are  getting  w  stronger,  In^ter  timber. 


«  For  the  notps  on  distribution  and  value  of  timber  in  ^^outhi^autem  AlaskA.  tbe 
are  indebted  to  Mr.  W.  A.  LanglUe.  forest  supervisor  ut   KetehlkAn.   Alaika. 
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The  red  cedar,  being  near  its  northern  limit  of  growth,  is  not  of 
the  best  quality,  and  the  hand  loggers  do  not  go  far  enough  inland 
to  obtain  the  best  growth.  It  is  therefore  little  used  except  for  boat 
building. 

Yellow  cedar  of  good  quality  occurs  too  far  inland  and  at  alti- 
tudes too  high  above  sea  level  to  be  obtained  by  the  present  methods 
of  logging.  Trees  of  good  size  and  fairly  clear  are  found,  yielding 
an  excellent  finish  material  susceptible  of  a  high  polish,  but  'there 
is  little  demand  for  it  in  this  region. 

VALUE  OF  TIMBER. 

The  abundance  of  the  timber  supply  of  Washington  and  Oregon 
and  its  nearness  to  comparatively  inexpensive  means  of  transporta- 
tion precludes  for  some  time  the  probability  of  considerable  de- 
mand for  the  timber  of  this  region. 

The  present  low  price  of  lumber  of  the  quality  used  in  south- 
eastern Alaska  renders  competition  between  the  two  regions  impos- 
sible except  for  local  requirements.  Logging  operations  are  suc- 
cessful close  to  tide  water,  where  the  jwsition  of  the  timber  permits 
easy  transportation.  The  requirements  necessarily  imposed  on  tim- 
ber cutting  within  the  reserves,  by  which  only  a  certain  percentage 
of  the  forest  may  be  removed,  the  care  necessary  to  avoid  injury  to 
the  remaining  trees,  and  the  expense  involved  in  disposing  of  tops 
and  litter  so  increase  the  cost  that  logging  on  a  large  scale  with 
the  view  of  shipping  from  Alaska  appears  at  present  unprofitable. 

In  southeastern  Alaska  as  a  whole  the  quantity  of  first-class  timber 
is  limited,  though  the  region  possesses  many  million  feet  of  an  in- 
ferior grade,  suitable  for  rough  material  ajid  pulp  wood,  which  may 
some  day  be  a  considerable  resource. 

GROWTH  OF  VEGETATION. 

The  luxuriant  growth  of  vegetation  along  the  coast  of  southeastern 
Alaska  may  well  be  compared  with  that  of  a  tropical  region.  This 
is  caused  by  the  moist  and  temperate  climate  and  the  long  summer 
days  at  this  high  altitude.  At  elevations  below  1,500  feet  bushes, 
ferns,  and  tall  grasses  grow  profusely,  especially  in  the  valleys  and 
gulches.  These  form  in  places  a  dense  and  almost  impassable  under- 
growth and  are  a  great  hindrance  to  the  prospector.  Among  the  most 
common  of  these  shrubs  are  the  thorny  devil's  club,  the  salmon  beriy, 
the  elderberry,  the  huckleberry,  the  high  bush  cranberry,  various 
willows,  the  black  alder,  and  the  white  alder,  the  latter  forming 
thickets  along  the  streams  and  nuid  flats. 
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The  Government  has  wisely  added  several  of  the  large  islands, 
namely  Prince  of  Wales,  Kuiu,  Kiipreanof,  Zarembo,  and  Chichagof 
islands  of  the  Alexander  Archipelago,  to  its  national  forest,  thereby 
insuring  intelligent  use  of  the  timber  for  the  present  and  preservation 
and  protection  for  future  demands.  Though  the  establishment  of 
the  new  Alexander  Archipelago  National  Forest  appears  to  many  in 
Alaska  to  have  placed  a  restraint  on  the  prospector  and  mine  owner, 
yet  the  provisions  of  the  law  in  regard  to  mining  within  the  reserva- 
tion are  liberal.  The  following  extracts  from  the  "  Use  Book " 
relate  to  the  Alaskan  national  forests: 

Reg.  36.  Trails  on  national  forest  lands  in  Alaska  may  be  constructed,  ex- 
tended, or  repaired  without  i^ermit  Wagon  roads  may  be  constructed,  widened, 
extended,  or  repaired  when  needed,  but  i)ermit  must  first  l>e  obtained  from  the 
supervisor.  Permits  will  not  give  any  right  to  the  exclusive  use,  or  to  charge 
toll,  or  against  future  disposal  of  the  land  by  the  United  States. 

Reg.  37.  When  a  right  of  way  or  other  special  use  Is  granted  within  a  na- 
tional forest  in  Alaska,  the  supervisor  may,  without  charge,  allow  the  cutting 
of  timber  when  this  is  necessary  for  the  proper  enjoyment  of  the  special  use. 

Reg.  38.  Without  permit,  and  free  of  charge,  settlers,  farmers,  prospectors, 
fishermen,  or  similar  persons  residing  within  or  adjacent  to  national  forests  in 
Alaska  are  granted  the  privilege  of  taking  green  or  dry  timber  from  the  forests, 
and  driftwood,  afloat  or  on  the  beaches,  for  their  own  personal  use,  but  not  for 
sale:  provided  that  the  amount  of  material  so  taken  shall  not  in  any  one  year 
exceed  20,000  feet  board  measure,  or  25  cords  of  wood;  and  provided  further, 
that  the  persons  enjoying  this  privilege  will,  on  demand,  forward  to  the  super- 
visor a  statement  of  the  quality  of  the  material  so  taken  and  a  description  of 
the  section  from  which  it  was  remove<l. 

It  is  also  to  bo  noted  that  timber  cut  from  the  national  forest  in 
Alaska  may  be  exported  from  the  district  and  sold  in  any  market 
anywhere,  upon  certification  by  the  supervisor  that  the  timber  has 
been  purchased  and  cut  from  the  national  forest  in  Alaska.  The 
exj)()rtati()n  of  timber  from  all  areas  in  Alaska  not  included  in  the 
forest  reserve  is  prohibited  by  law. 

(;KXEKAL  GFAyiAHiY  OF   SOrJlIKASTEKN  AIj^VSKA 

GENERAL  STATEMENT. 

The  ofeologic  distribution  of  the  rocks  alonp:  the  southeast  coast 
of  Alaska  is  on  a  broad  scale,  and  in  their  strike  they  follow  the 
general  northwest  trend  of  the  mountain  ran^e.  These  rocks  may 
be  divided  into  two  main  jrroups:  (1)  Stratified  r(>cks,  and  (2)  intru- 
sive rocks,  both  having  about  the  same  areal  extent. 

The  term  ''stratified  rocks"  has  In^en  used  to  include  those  formed 
(1 )  by  sedinientati(m,  such  as  shales,  sandstones,  conglomerates;  (2) 
by  precipitation  and  sedimentation,  as  limestones  and  cherts,  and  (3) 
bv  volcanic  activitv.  as  the  lava  and  tuff  beds.     These  beds  occur 
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iiitei*stratified  with  one  another  and,  except  the  more  recently  formed 
rocks,  are  generally  intricately  folded  and  usually  show  a  high  degree 
of  metamorphism.  In  this  altered  state  they  are  represented  by 
black  slates,  crystalline  schists,  graywackes,  crystalline  limestones, 
quartzites,  and  chlorite  and  amphibole  schists. 

The  intrusive  rocks  are  made  up  of  a  complex  of  coarse  gi-anular 
rocks,  mostly  granitic  in  character.  They  form  the  great  mass  of 
the  Coast  Range  bordering  the  mainland,  and  occupy  wide  areas  in 
the  central  portions  of  many  of  the  islands.  Their  mode  of  occur- 
rence is  at  many  places  directly  related  to  the  geologic  structure, 
and  their  longitudinal  axes  and  lines  of  contact  are  usually  parallel 
with  the  strike  of  the- bedded  rocks. 

STRATIGRAPHIC  SUCCESSION. 

The  geologic  succession  of  the  stratified  rocks  in  southeastern 
Alaska  is  complex,  and  includes  rock  formations  representing  n(»arly 
all  the  geologic  periods  from  early  Paleozoic  to  the  present.  Though 
the  rocks  have  been  mapped  only  in  a  broad  way,  the  sequence  of  the 
formations  has  been  sufficiently  well  established  to  permit  grouping 
them  according  to  age.  The  stratigraphic  succession  is  presented  in 
the  table  on  pages  34,  35,  and  in  this  an  attempt  has  been  made  to 
show  not  only  the  general  order  of  rock  deposition  but  the  relations 
of  the  strata  of  the  different  periods,  so  far  as  known,  and  their 
structural  characteristics. 
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It  is  al>o  to  bo  note<l  that  timber  cut  from  tho  nntional  forp*?t  if 
Alaska  iriay  \ye  exported  from  the  district  and  ^y\d  in  any  marieec 
anywliere.  ujKm  ceitification  by  the  supervisor  that  the  timb4*r  hft.** 
U-eii  pinrliM>4»fl  and  rut  from  the  national  forest  in  Alaska.  Tlu^ 
<\|;ortjitir)n  of  tinil>er  from  all  areas  in  Alaska  not  included  ill  bb&  — 
forc-i   r<Hrvc  is  prohibited  by  law. 

(iKSKHAlj  C;K(>I^()(;V  of   SOITIIKASTKIIX  AI1A8KA 

GENERAL  STATEMENT. 

'I  lie  irf'(,\()fr\('  distribution  of  the  rocks  alon^  the  southeast  coast 
of  Ala-ka   is  on  a  broad  scale,  and  in  their  strike  they  follow  tha 
//(iierjil   northwest  trend  of  the  mountain  ran^e.     These  rocks  may  ■ 
\)t'  rlividcrl  into  two  main  irroups:  (1)  Stratiiied  n^cks,  and  (2)  intra*. 
■JVC  forks,  br)t|j  having  about  the  same  areal  extent. 

The  term  ''stratified  rocks'-  has  Ihh'u  used  to  include  those  fomMid 
(1  )    by  -edimen<ation,  such  as  shales,  sandstones,  conglomerates;  (2) 
by  |)rer'ipifation  and  sedimentation,  as  limestones  and  cherts,  and  (8)     -, 
by   volcjuiie  a(!tivity,  as  the  lava  and  tuff  beds.     These  beds  occot  ij^ 
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iiitei-stratified  with  one  another  and,  except  the  more  recently  formed 
rocks,  are  generally  intricately  folded  and  usually  show  a  hi^rh  degree 
of  metamorphism.  In  this  altered  state  they  are  repi'esented  by 
black  slates,  crystalline  schists,  graywackes,  crystalline  limestones, 
quartzites,  and  chlorite  and  amphibole  schists. 

The  intrusive  rocks  are  made  up  of  a  complex  of  coai'se  granular 
rocks,  mostly  granitic  in  character.  They  form  the  great  mass  of 
the  Coast  Range  bordering  the  mainland,  and  occupy  wide  areas  in 
the  central  portions  of  many  of  the  islands.  Their  mode  of  occur- 
rence is  at  many  places  directly  related  to  the  geologic  structure, 
and  their  longitudinal  axes  and  lines  of  contact  are  usually  parallel 
with  the  strike  of  the^  bedded  rocks. 

STRATIGRAPHIC  SUCCESSION. 

The  geologic  succession  of  the  stratified  rocks  in  soufheastern 
Alaska  is  complex,  liud  includes  rock  formations  representing  nearly 
all  the  geologic  periods  from  early  Paleozoic  to  the  present.  Though 
the  rocks  have  been  mapped  only  in  a  broad  way,  the  sequence  of  the 
formations  has  been  sufficiently  well  established  to  permit  gr()ui)ing 
them  according  to  age.  The  stratigraphic  succession  is  presented  in 
the  table  on  pages  84,  35,  and  in  this  an  attempt  has  been  made  to 
show  not  only  the  general  order  of  rock  deposition  but  the  relations 
of  the  strata  of  the  dilf'erent  periods,  so  far  as  known,  and  their 
structural  characteristics. 
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Many  of  the  rocks  ;y:roiiped  under  the  periods  indicated  in  tJ 
stnitigrnphic  column  are  synchronous   with   the   forniationfti   rcprt?- 
sented  along  the  Alaskan  coa^t  farther  we>ft  and  with  thosie  iiloni;  th(^ 
nuunhind  nnd  i^hinds  of  British  CVilunibia  to  thi'  ^uth*    CorrdtttiariB 
based  on  |)aleontologio  evi<lence  may  tiUu  Ik*  made  with  t\w  fossil- 
l>earing  strata  in  the  States  of  Washingloju  Ore^^on.  and  California 
and  with  the  formations  in  other  parts  of  AhiJ^ka  and  in  Canada 
These  comparisons,  howevei',  have  l>een  reserved  for  a  fntiire  report. 

ROCK  FORMATIONS. 

Along  this  portion  of  tht*  Ahiskau  coast  tht*  disiribntion  of  tht*  roi'k 
form  at  i  on  H  is  known  in  otdy  a  general  wny.     The  ^'olo*iic  ol>ttervji 
tioiis  have  necessarily  been  confined  h*  Hu*  viH-k  expcKstircH  alonij  the 
coast  of  the  mainland  and  inlands,  and  the  inland  portions  of  manj 
of  the  larger  ishuiHs  rcinnin  inawploivrl.     The   peculiar  ali'^imenf' 
along  the  niainlanfl  of  the  fornmtions  which  are  pMralKd  to  the  Ccja?*t^ 
Kange  intrusive^,  and  the  matiy  inland  waterwayB  which  cut  aen>flfl 
these  formations  have  greatly  aided  the  general  geologic  i-wonnaii*- 
sance  of  this  region* 

The  dominant  feature  of  the  mainland,  both  stnictnrally  and  petro 
graphically,  is  the  imtneMse  batbolitlii*'  core  of  granite  iind  diorite* 
which  ot'cnpies  the  central  portion  of  the  CohsI   Hangt*  tliruugliou^ 
its  length.     The  occurrence  of  this  rot^k  to  the  south  in  British 
Litrilna,  where  conditions  sindlar  to  those  that    [>rcvHil    iilon^r  till 
Alaskan  coast  are  pre,sented,  has  beeti  discuaaed  in  dt-tail  by  Georg 
M»  Dawson.    Brooks,  in  his  report  on  the  Ketchikun  mining  distriii 
also  gives  it  earefid  consideration*  and  Spencer  in  his  reijort  on  tin 
Juneau  gold  belt  de^-ribes  the  oecuri-^nce  of  this  intrusive  r(K*k  an^ 
its  relations  to  the  intruded  strata  and  to  the  oi'e  deposits."     I'n* 
Portland  <.'nnal   north  to  Lynn  Canal  its  westei-n  contact  parullels" 
tiie  main  coastwise  channels.     Just  north  of  Berners  Bay  it  crtisses 
Lynn  Canal,  and  its  western  contact  extends?  north  along  the  east  side 
of  diilkat  Valley. 

Bordering  this  intrusive  core  of  tlie  Coast  Range  is  a  bund  of 
eloseiy  folded  crystalline  schists  composed  largely  of  Carboniferous 
strata  und  in  places  having  a  width  of  st^venil  miles.  In  tliis  prov- 
ince these  rm^ks  were  termed  tlie  Ketcliikan  Maries  Ijy  Brooks,'*  and  ili 
the  Juneau  district  the  corresponding  rocks  are  grouped  together  a^ 
tht'  "Schist  }3iuid  '*  by  S[jrncer.'  Thes*^  crystnlline  srhists  lone  btH'ti 
trncerl  from  the  southern  boundary  of  Alaska  to  tho  liuat]  of  the  Chib 
kal  hnsin  at  the  Britisli  Colund>ia  boundaiy.     The  stniia  arc  ej^seo- 

«  Ttit}  Crtditt  Ran^c"  intrusWeH  tin^  tlk^lr  boartnsH  om  (he  otp  <I«p<M(nici|]  Aff»  (^itTiNtflfTM] 
rtt  Wrwtih  on  mi,  (ilHiO  of  tuis  n^piirt, 

*  11  rooks,  A.  ir,  KeteUlkuTi  nilnln^  dlKtrlcl  \   i^r^jf.  CwpiT  V-  t^*  i*tHj\.  Surv**y  S^ih  I,  lUU". 
r  Biwneer.  A.  C,  The  Jujuimi  4,'OltI  heit :.  Bull.  Lu  S.  OcoL  Harvey  No,  2HT,  llUKl. 
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(ially  siliceous  mica  schists,  feldspathic  schists  with  iiitercahiteil 
aniphibole  and  chlorite  scliists,  and  occasional  l)eds  of  crystalline 
limestoue  containing  Carboniferous  fossils.  Narrow  outlying  belts 
of  the  Coast  Kange  intrusives  invade  these  schists,  and  near  the  con- 
tacts, with  these  as  well  as  with  the  main  mass  the  schists  are  cut  by 
a  network  of  pegmatite  dikes  and  quartz  veinlets.  In  places  the 
alteration  of  the  beds  h|is  been  so  intense  as  to  produce  gneiss,  which 
near  the  intrusive  contact  has  been  thoroughlv  recrystallized  and 
rendered  massive,  so  that  it  is  not  everywhere  possible  to  distinguish 
with  certainty  the  line  of  contact  between  the  intrusive  and  bedded 
rocks. 

To  the  southwest  the  beds  become  less  schistose,  and  "  black  slates," 
intruded  by  altered  dikes  of  andesitic  and  gabroic  rocks,  predomi- 
nate. The  latter  are  more  prominent  along  the  mainland  in  the 
Juneau  district  than  to  the  south.  Intercalated  beds  of  altered  lavas 
and  tuffs,  usually  called  greenstones,  gradually  find  place  in  the  slate 
belt,  and  farther  southwest  great  thicknesses  of  these  greenstones 
occur.  Such  a  belt  of  massive  greenstone  beds  is  well  exposed  at 
the  following  places:  The  shores  of  Tongass  Narrows  at  Ketchikan, 
the  west  end  of  Cleveland  Peninsula,  Woewodski  Island  in  Duncan 
Canal,  Cape  Fanshaw,  Glass  Peninsula,  and  the  west  side  of  Douglas 
Island. 

Beyond  this  belt  toward  the  outer  coast  the  geologic  section  and 
bed-rock  structure  across  southeastern  Alaska  change  with  the  lati- 
tude, and  l)eds  of  one  formation  can  not  be  traced  for  any  great  distance 
northwesterly  as  can  the  rocks  along  the  mainland.  This  is  largely 
due  to  the  irregular  batholithic  intrusives  which  occupy  the  central 
portions  of  most  of  the  islands  and  are  similar  in  composition  to  the 
Coast  Range  granite.  Since  detailed  descriptions  of  the  areal  geol- 
ogy and  sections  across  the  Ketchikan  and  Wrangell  districts  follow, 
it  is  necessary  to  add  here,  for  the  purpose  of  comparison,  only  a 
short  discussion  of  the  rock  occurrences  on  the  northernmost  islands 
of  the  archipelago. 

On  Admiralty  Island  the  underlying  stratified  rocks  are  broadly 
folded  limestones  and  schists,  mainly  of  early  Carboniferous  age.  At 
both  Pybus  Bay  and  Herring  liay  collections  of  upper  Carboniferous 
fossils  were  made.  At  the  entrance  to  Pybus  Bay  lower  Cretaceous 
fossils  were  gathered  from  calcareous  shales  which  overlie  the  Car- 
boniferous l)eds  uncomformably.  The  basin  of  Kootznahoo  Inlet 
is  occupied  by  a  considerable  thickness  of  sandstones  and  conglom- 
erate beds  containing  coal  seams  with  fossil  plants  of  Eocene  age. 
The  basalt  lava  flows  whicli  cover  the  southern  end  of  the  island 
southeast  of  Pybus  Bay  represent  the  most  recently  formed  rocks. 
Invading  all  of  the  stratified  rocks  of  Paleozoic  age  are  irreguhir 
granite  masses  occupying  small  areas. 
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The  o^(M)l<»<ry  of  the  two  soaward  islands,  Haranof  ami  Chichagof, 
also  pivsciits  niany  iiitoivstiii^  features.  The  (viitral  portions  of  the 
ishmds  are  iiia(h»  up  of  granitic  intrusives  forming  broad  belts  that 
strike  across  the  ishinds  in  a  northwesterly  direction  and  invade  all 
tlu^  l)edd(»(l  rocks  except  the  recent  lavas.  The  mineral  deposits  are 
located  near  the  contacts  with  these  granite  masses.  The  oldest  rocks 
are  strata  of  handed  quartzite  resembling  gi'aywacke  and  chert  in 
plac(\<.  Th(»se  lx»ds  are  exj)()sed  for  s(»veral  miles  along  the  north 
shore  of  Chichagof  Island  between  Idaho  Inlet  and  Frederick  Sound, 
where  lliev  form  a  larg(»  anticline  striking  northwest.  To  the  west 
they  are  invaded  l)y  a  wid(»  belt  of  granite,  which  has  altennl  them  to 
a  c()nij)act  biotite  schist.  Along  the  northeast  shore  from  Frederick 
Sound  to  Point  Augusta  they  again  form  the  shore  outcrops.  Though 
the  tilickne^s  of  this  formation  could  not  be  determined,  it  probably 
represents  many  thousands  of  feet  of  s<»dimentati(m.  Overlying  the 
([iinrtzites  are  cherty  limestones  in  which  middle  Devonian  fossils 
were  found  in  Fre<lerick  Sound  and  on  the  south  side  of  Freshwater 
Hay. 

The  up|)er  Devonian  format i(ui  is  represented  by  molaphyre  lava 
Hows  and  tufaceous  beds;  fossils  wen*  (tojiected  from  the  latter  along 
the  west  shore  of  Frederick  Sound.  Th<»se  ImmIs  extend  southeasterly 
into  Fre>hwater  Bay.  Limestone  of  considerable  thickness  overlies 
the  niela|)hyres  and  is  exposed  in  Frederick  Sound  and  along  the 
northea.-t  shore  of  Freshwater  Bay.  At  these  places  large  collections 
of  lower  Cai-boniterous  fossils  were  obtained.  W<»st  of  the  granitic 
coi-e  on  the  -eawar<l  shores  of  both  Chichagof  and  Barnnof  islands 
i>  M  -erie<  of  (•i"v>talline  schists  and  liuiestones,  overlain  by  a  belt  of 
slales  mikI  ^n-eenstones  of  uj)per  Carboniferous  age.  The  latter  in 
turn  :iie  oNeriain  uiiconforinably  by  a  wide  belt  of  considerably  nieta- 
inoi-|)h()-<'(|  ijraywackes  and  conirlomerales.  which  are  prominent  in 
ihr  \iriiiiiy  of  Silkii  :ui<l  Point  Kiiwai'd.  A  reniarkable  analogy 
r\i-l-  heiwccn  I  hi-  -ectioii  mikI  the  cro^s  seel  ion  of  the  nuiinbuul  lK»lt 
ill  ilir  \i(iiiiiy  of  .liiiK'aii.  Tln'  iiio^t  I'eceni  rock  formations  on  the 
M-awaid  i-l:iihU  iivr  the  j)o-ti!l:ici:il  l>:i>;iltic  hivu  flows  on  Kruzof 
I-ImihI. 

STRUCTURE. 

Thr  -tiii'iiirn!  chnrnctei'i-t  ii*>  <»!'  the  -irntilied  i-oeks  of  the  diiferent 
M-coloj^ic  li<)ri/.on>  in  -oiitl.'ea-trni  Alaska  are  iiot<Ml  in  the  table  on 
j)ai!<'  -'.I  and  in  (he  a-eoloiri<*  section  a('<'onipan\  iiiir  each  ireologic  map. 
Ilowrvn-.  a  foi-inatioh  may  l>e  intricately  I'ohied  and  highly  meta- 
morphosed at  <jne  locality,  hnl  at  anoth<'r  it  may  he  characterized 
by  hroail  fold.^  and  a  much  le--  amount  of  nu'tanioi-phism,  so  that 
in  -in  li  a  table  it  i>-  jjos^ibie  to  j>i'e-ent  only  the  moi'e  typical  struc- 
tural I'f-alui'e-.  A  brief  eon-i»leralion  of  tln'-e  "-tructural  phenomena 
and  their  r«'lation-^  to  the  <i-eolo;_^ie  hi-tory  i>  therefore  necessary. 
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By  a  con.sideration  of  the  entire  coastal  provitice  of  southeaslem 
Alasku,  several  important  features  which  throw  light  on  the  tlyiniinic 
history  of  the  region  are  brought  out.  In  the  Kc^tchikan  and  Wraii- 
gell  dit>triets  alone  these  featni-es  are  not  so  clearly  marked.  Prior 
to  the  development  of  ihe  main  northwest-trending  structural  lines, 
which  at  present  dominate  this  coastal  province  and  are  most  pro- 
nounced adjacent  to  the  wide  areas  of  intrusive  rix*ks,  the  prevalent 
structure  was  made  up  of  northeasterly  trending  fohla  These  foUls 
still  form  a  minor  system  pmuiinent  on  Cliicliagof,  Admiralty,  and 
Prince  of  Wales  Island,  The  later  and  niorei  intense  folding  of  the 
beds  on  a  broatler  sciile,  which  forms  the  major  system  and  trends 
northwesterly,  has  iu  general  olditernted  this  minor  system.  But  the 
evidence  of  the  two  systems  is  clearly  presented  on  the  north  shore  of 
Oiichagof  Island,  where  the  minor  system  of  small  folds  is  the  domi- 
nant structure  at  those  places  which  are  distant  from  the  northwest- 
trending  intrusive  belts  and  which  ai^  not  greatly  disturbed  and  meta- 
morphosed. Nearer  the  intnisive  belts  the  larger  system  gradually 
prevails,  and  the  miiicjr  folds  as  a  whole  are  combined  in  the  broader 
anticlines  and  synclinesof  the  major  iiorthwest-ti-ending  folds.  Com- 
plex minor  folding  and  fracturing  is  thus  produced  in  the  beds.  The 
fact  that  beds  of  upper  Carbonifprouf^  age  have  this  nortlieasterly  fold- 
ing indicates  that  this  was  the  dominant  bed-rr>ck  structure  at  the 
close  of  the  Paleozoic  era.  Whether  the  younger  system  of  folding 
was  produced  just  previous  to  the  intnision  of  the  Coast  Range  gran- 
ite, or  at  the  time  of  its  invasion,  has  not  lieen  definitely  established^ 
though,  as  suggested  by  Spencer,^  it  was  probably  before  the  invasion 
uf  these  igneons  nx-ks,  as  the  [danes  of  contact,  with  few  exceptions, 
folltjw  the  planes  <>f  bedding,  and  to  present  this  structure  the  strata 
nnist  have  been  highly  tilted  and  must  have  occupied  a  position  similar 
to  that  which  they  now  have.  Along  the  mainland,  across  a  width  of 
from  5  to  10  itjiles,  the  uniformity  of  the  strike  and  dip  of  the  strati- 
fied ro<*ks  adjacent  to  the  Coast  Range  granite  indicates  a  monoclinal 
structure.  Such  interpretation,  how^ever,  woidil  necessitate  a  still 
giTater  thickness  of  the  i"r>ck  beds  at  the  time  of  their  deposition,  as 
in  their  present  condition  tliey  are  greatly  compressed  and  metamor- 
phosed. From  the  evidence  of  broad  folding  of  the  beds,  Ijelieved  to 
be  the  same,  whit^h  are  exposed  along  the  west  shore  of  Adnuralty 
Island,  it  is  reasonaide  to  assunje  that  this  rock  belt  has  the  structure 
of  a  cltjsely  folded  and  compressed  synclinorium,  and  that  the  tops  of 
the  anticlines  were  subsequently  removed,  leaving  little  or  no  definite 
jnoof  of  thwr  existence. 

After  this  great  i>eriod  of  mountain  building,  which  is  believed  to 
have  occurred  about  the  close  of  Paleozoic  or  in  early  M<^ozoic  time, 
further  important  orogenic  movements  of  the  earth's  crust  took  place 

*•  diUfflo^r,  A.  i\.  The  »Tun»?ftii  sold  Mt  t  Bull.  1^  S,  (5po1.  «m*vpy  No.  :;*I7;  laotl,  p.  14, 
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1111 J  an*  rlt*nrly  hliowjj  in  tin*  M<^-<»z*ni*  IhhIs  on  Ailniinih y  niul  Prinr*' 
of  Wales  islainK  TIk'  Ancrf/a  \tvds  oil  A^Uuinilly  I^luntl  arc  ^iel*JJly 
Uhi'd  siiul  faiilltnl  Htit]  tu  HoiHC  i^xti^iH  itietainfirplHiwrL  Imt  tiiev  tin 
iKit  show  flusf  fol^lin^^  or  uniformity  in  diivitiou  of  *itrikt\  Oil 
FriiKv  of  \Vu1l*s  Idiunl  binls,  jirohuMy  of  Ak^HuzoJr  a^^  thoiii^h  iioa- 
fossil iferrnis,  avorlii*  tlu*  ^niintt*  intruHiveH;  at  ct-rtain  liJcalHii^  thf*y 
have  assuiju'tl  a  sUH^j>ly  tiHpil  iMisitioK  with  north weslerly  strike  and 
are  eouhick'nibly  nK^tnmorpUostMj,  uhilr*  al  oilu*r  placi'K  thf*y  an*  only 
idightly  ft^ldtMl  niitl  .sliow  mo  iH*rsi!*tfnt  dirivtioii  of  strikt^  or  dip  mid 
but  littk^  uivtariiorf>hisiiu  The  tonvs  producing  Ibis  luh*r  striK-tun.^ 
affected  tlitj  older  PuUhwjIc  ^ivnUi  largely  Ijy  faulliog,  lissuring,  anil 
tiltinj^,  an<l  not  by  iateuso  foUling.  T\w  ntruetural  eliaracteri^tics  in 
the  Tertiary  (Eocene)  IwiU  and  Ihosi'  of  late  (.*iTUieeoum  a^t^  indiciUe 
tilt  in  jr  »Jtd  faidting  and  llieiH^  is  little  or  no  evidence  of  folding  or 
nietaniorpliie  action*  The  effects  apjjear  to  W  confined  largely  to  tii<? 
basins  *tr  local  aretii^  occupied  by  ihesi'  rm*ks,  and  iti  (he  ohlcr  U*ds 
faults  and  Jissnr^s  were  probably  [>rodnecd  along  which  the  ba^ialtic 
lavas  snhsc(|uciitly  found  egress. 

In  ailditioii  tu  Hie  precluding  iles4'ription  of  ihc  ditlercnt  peri  mis  of 
dynaniic  revolution,  the  structurally  significant  faulting  which 
accoui|^aniiHi  these  tJCftgejuc  iiiovcuicnts  dei^ei"\eh  special  coiisid<*ru- 
tioB,  Evitleuee  of  thi*He  faults,  however,  ih  shown  hirgely  by  the*  local 
discontinuity  of  the  strata,  as  surface  indications  have  Ijcen  r€^nmve<i 
by  erosion.  Mort»over,  th<>sc  faults,  possilily  ninnerons,  wbicli  ant 
parallel  tp  the  bedding,  are  difficidt  to  decipht*r,  becaufie  of  the  ex- 
treme nietaujorphii^ni  of  most  of  the  rocks.  Oidy  the  structurally 
important  faults  which  show  large  displacenienl  and  the  niinor  faults 
or  slipping  planes  in  tlte  on*  bodies  and  in  shore  expoi^urefi  were. 
noted. 

The  largest  and  most  important  fault  plane  in  southeastern 
Alaska,  whit^b  is  suggested  both  geologieally  and  topographically* 
extends  from  the  head  of  Lynn  Canal  in  a  S.  10''  E,  direction  tiOO 
miles  or  mure  through  Chatham  Strait  into  the  Pacific  Ocean.  The 
displacement  at  its  southern  end  is  evidently  greater  than  at  the 
head  of  Tjvnn  Canal,  where  the  main  fault  appears  to  diverge  into 
two  or  nnuT  directions  indicated  by  Taiva  Inlet,  Ferelx^e  River,  and 
possibly  Chilkoot  Inlet  and  Riven  The  dii^placement  and  the  direc^ 
tion  of  tlirow  of  this  fault  are  not  clearly  defined,  though  the  former 
pn^baldy  amounts  to  many  miles. 

Detailed  work  in  this  province  w^ill  doubtless  reveal  many  other 
faults  that  are  structurally  important.  IMiuor  faults  and  slipping 
planes  noted  in  the  ore  bodies,  stratigraphically  of  little  significance, 
though  economically  of  gi'eat  importance,  are  discussed  in  the  de- 
tailed descrij>tiou5  of  the  ore  bodies, 
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MINERAL  DEPOSITS. 

Metallic  miiKTalizatioii  in  soiithoastvni  Alaska  is  confined  to  cer- 
tain rock  formations,  and  in  these  the  mineral  deposits  occur  to  some 
extent  along  certain  zones  which  have  been  more  or  less  satisfactorily 
determined.  Because  of  the  rough  topogi-aphy  and  the  dense  growth 
of  forest  and  underbrush,  investigations  of  such  belts  have  neces- 
sarily been  limited  to  the  vicinity  of  salt  water,  where  the  rock  forma- 
tions and  mineral  belts  are  clearly  exposed. 

The  direct  relation  of  mineralization,  or  the  occurrence  of  ore,  to 
the  rock  structure  and  to  the  intrusive  rocks  is  at  many  places  very 
evident.  Most  of  the  ore  bodies  are  found  near  or,  more  rarely,  in 
the  larger  intrusive  masses,  and  especially  in  those  places  where  the 
general  rock  structure  trends  northwesterly.  In  a  broad  way,  the 
mineral  deposits  are  coextensive  with  the  areas  of  granitic  intrusives 
and  occur  in  the  adjacent  met  amorphic  rocks  affected  by  such  in- 
trusives. 

The  most  extensive  and  productive  area  is  the  Juneau  gold  belt,** 
which  has  been  irregularly  traced  along  the  mainland  from  Windham 
Bay  to  a  point  10  miles  north  of  Berners  Bay,  where  it  enters  Lynn 
Canal.  Its  total  length  is  120  miles  and  its  wndth  less  than  10  miles. 
In  this  zone  gold  is  the  dominant  metal  present  and  occurs  in  varying 
amounts  disseminated  with  sulphide  minerals  in  bands  of  schistose 
rock  10  to  GO  feet  wide,  in  altered  diorite  dikes,  where  it  is  associated 
with  stringers  of  quartz,  and  in  quartz  veins,  1  to  10  feet  wide,  cutting 
either  the  intrusive  or  schistose  country  rock.  The  ore  bodies  within 
this  zone  are  discussed  at  length  by  A.  C.  Spencer  in  his  report  on  the 
Juneau  gold  belt. 

In  the  Wrangell  district  the  concentration  of  metallic  minerals 
along  definite  zones  has  apparently  not  taken  place,  though  a  number 
of  mineral  prospects  have  been  found,  namely,  in  Thomas  and  Le 
Conte  bays,  along  Bradfield  Canal,  and  in  (Groundhog  and  (Hacier 
basins.  At  the  last  two  localities  silver  and  lead  ores,  occurring  in 
quartz  veins  inclosed  in  the  crystalline  schists,  are  prominent,  while 
at  the  others  gold  is  the  dominant  metal  present.  Within  the  main- 
land belt  of  the  Ketchikan  district,  which  includes  Revillagigedo 
Island,  quartz  veins  and  mineralized  schist  bands  are  found  locally, 
but  they  are  too  widely  separated  to  permit  the  definition  of  a  min- 
eral zone  like  that  in  the  Juneau  district.  The  slates  and  green- 
stones contain  the  largest  percentage  of  metallic  minerals,  and  in  them 
deposits  have  been  developed  on  (iravina  Island,  along  the  west  shore 
of  Revillagigedo  Island,  and  on  Cleveland  Peninsula.  In  the  slates 
and  schists  nearer  the  Coast  Range  intrusives,  vein  deposits  have  been 
found  at  the  head  of  Thome  Arm  and  in  Georfje  Inlet. 


'  xiull.  r.  8.  Gcol.  Survey  No.  i:«7,  11)00. 
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On  the  larger  islands  of  t^oiuheiL^tern  Aladca  the  regulftrit)"  of  tli 
rock  structure  and  the  eontiiiiiity  of  tho  formations  Is  locraUy  iiiter-^ 
nipted  by  mtriisive  an*as  of  grHtiitie'  nx^kw  hthI  wnh  diaiiiiei?^  ^'pa* 
rating  the  islands.     For  thiti  rojison  it  is  not  p*>ssihl«?  to  trace  for  anjfl 
^reat  (listance  mineral  'tout's  roTupanihU*  witli  (howe  along  the  iiiain-™ 
land*    The  ^x^Lmrrenct*  of  tlu*  tlej>osits  on  eacli  inland  differs  somewhat, 
ant]  the  inlands  are  described  !He|>arat('ly  in  this  puprr.     In  fji^neral,  tht* 
oiT  bodies  appear  to  Ixi  closely  connected   with  the  intnii^ive   roek™ 
matises,  many  of  them  lyin^  at  or  near  tlie  contaets  of  the  intni»ive«J^ 

On  Admiralty  Inland  f lie  atvas  of  intrusive  rofk>s,  so  far  as  known, 
are  small,  and  the  oeeurrence  of  valliahlo  mineral  deposits  relatively^ 
nn*e,     A  pcwjrly  deiined  miuernl  jcone  wturt.s  at  a  point  just  nt>rth  o^ 
Windfall  Harbor  on  the  west  side  of  Seymour  (^inal  and  is  traeeald^ 
northwestward  to  Flint er  Bay.     It  is  alx>nt  iM>  iriih^s  lunfj  and  'J  iiiili^ 
wide  and  inelndes  Kc»veral  })ro>>peet?i  lait  no  pnidinnng  iiiities,     <>th«!|j 
I>rospetts  are  located  on  the  we^st  coast-  of  the  island  a  few  miles  iiort 
of  KrxMziiidioo  Inlet, 

On  the  two  seaward  islands,  Baraaof  and  Chichagof,  which  eon 
sitittite  the  Sitka  mining  district,  a  poorly  deGned  mineral  v^one  oecur 
ill  the  metamorpliie  sclusts  Hanking  the  went  side  of  the  intritsivfl 
MU  stiiHing  at  Ued  Blnff  Bay,  ini  the  ea.st  nide  of  Baraaof  I^^landf 
and  extending  northwestward,  inrhiding  the  prospects  at  the  head  of 
Silver  Bay  and  in  the  vicinity  of  Cape  fldward.  north  of  wliich  it 
enters  the  tjcean.     Auriferous  vein  de|Josits  arr  the  principal  typi*  of 
ore  boc]y  in  this  mineral  ssone.     Anotlier  seone  of  mineral 4>earir 
schists  was  noted  along  the  eastern  side  of  this  intrusive  Iwdt  extend 
ing  from  limjniah  Sound  to  I^isianski  StraitH  and  northwestward 
the  mainland  from  Cape  Spencer  to  Lituya  Bay^  where  it  ilanks  ihi 
8t,  Elius  Range.     Only  a  few  prot^pects  in  the  vicinity  of  Rtidmail' 
Bay  and  at  the  head  of  Hooniah  Sound  have  thus  far  been  Im^ated  in 
this  mineral  zone,  fl 

On  Kuprennof  Island  scattered  indications  of  a  widespread  min- 
eral djeai'ing  zone  extend  from  the  head  of  Portage  Bay  down  the 
east  side  of  Duncan  Canal  and  include  prospects  along  the  west  BhoP|H 
of  ^A'^rangell  Narrows,  The  oiv  lx>dies  thus  far  oi^ened  carry  mnair 
values  in  lK)th  copper  and  gold.  No  deposits  of  oi^  have  yet  lieen 
diseovered  on  Kuiu  Island.  fl 

The  distril>ntion  of  mineral  deposits  on  Prince  of  Wales  Tdiiml, 
lilo'  that  on  the  other  islands,  is  dependent  upon  the  intrusive  nrmt^ 
Here  the  direct  relations  of  the  ore  bodies  to  the  intnisive  roekti  nr^fl 
moiv  evident  because  they  oecur  in  many  places  along  the  contaets  of 
the  intrusive  and  intruded  rocks.  Copper  is  tlie  dominant  met4d  in 
many  of  the  depoHits.  It  i^  present  within  the  contact  aiireolen  of 
tlie  intrusive  masses,  as  on  Kasaan  Peninsula  and  in  the  vicinity  of 
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Hetta  Inlet,  and  occui*s  as  lenticular  masses  or  veins  along  shear  zones 
in  a  greenstone  schist  country  rock,  as  at  Niblack  and  Copper  City. 
Gold  accompanies  the  copper  deposits  as  an  accessory  constituent  and 
is  foimd  in  vein  deposits  inclosed  in  limestones  at  Dolomi  and  in 
black  slates  or  phyllites  in  the  vicinity  of  Ilollis. 

GEOIiOGY  OF  THE  KETCHIKAN  AND  WRANGEIili  MINING 

DISTRICTS. 

GEOLOGIC  MAPS. 

Three  geologic  maps  accompany  this  re^^ort  (Pis.  I,  II,  and  III, 
in  pocket) ;  the  first  is  a  general  geologic  map  on  a  scale  of  10  miles 
to  1  inch  and  includes  both  the  Ketchikan  and  Wrangell  mining 
districts;  the  other  two  are  of  larger  scale  and  show  in  greater  de- 
tail the  geology  along  the  mainland  portion  of  each  district  and 
the  topography  of  this  portion  so  far  as  it  has  been  mapped.  The 
general  geologic  map  has  been  introduced  to  show  the  distribution 
of  the  tw^o  large  rock  types,  the  sedimentary  and  the  igneous. 

The  sedimentary  rocks,  which  are  important  to  the  geologist  in 
deciphering  the  geologic  history  of  a  region,  are  subdivided  into 
three  groups  separated  by  their  differences  in  age.  The  oldest 
group — the  Paleozoic  strata — embraces  a  number  of  unconformable 
series  which  are  much  folded  and  in  j)laces  highly  metamor- 
phosed. They  are  know^n  to  range  in  age  from  Silurian  to  upper 
Carboniferous  and  to  have  their  most  extensive  development  during 
the  Carboniferous.  A  number  of  different  formations  belonging 
to  this  era  have  been  recognized  and  distinguished  one  from  the 
other  at  various  localities,  but,  as  their  continuity  and  their  lines  of 
separation  are  only  partially  known,  a  differentiation  of  them  has  not 
been  made  on  the  map.  The  localities  at  which  fossil  evidence  has 
been  found  are  shown  on  the  map  by  letters  indicating  the  strati- 
graphic  horizon  represented.  In  the  following  pages  these  fossil 
localities  are  described  and  the  known  stratigi'aphic  succession  of 
the  Paleozoic  rocks  is  discussed. 

The  sediments  of  the  Mesozoic  era  are  represented  only  locally  by 
interstratified  slate,  graywacke,  and  conglomerate  beds  of  consider- 
able thickness.  These  strata  are  often  metamorphosed,  indurated, 
and  considerably  folded,  and  in  most  i)laces  contain  no  fossils.  Their 
classification  is  therefore  based  largely  on  structural  and  petro- 
graphic  evidence.  These  rocks  have  been  mapped  as  a  unit  but  are 
considered  at  length  in  the  following  descriptions. 

The  Tertiary  sediments  are  made  up  of  shale,  sandstone,  and  con- 
glomerate occupying  small  areas  which  in  places  are  coal-bearing. 
The  unmetamorphosed  and  loosely  consolidated  state  of  these  beds, 
the  presence  in  them  of  numerous  fossil  plants,  and  the  lack  of  in- 
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t<-rist'  ft»l(liri;r  jut  tlii'ir  jinuriinil  rhuriit  tt*ris(irs,      Pnii'urU<>lo|^ir  ovij 
tlt^iin*  slujws  tlie.si'  IkhIs  (n  Ik*  t'^si'iitiiilly  of  Ivk-oiu:  .i^.\  I  ml   lU   nln 
[Knot  fossil  plants  of  lute^  CixHiit'eotis  iif^e  weit?  identiHfHl. 

The  igneoiib  roi'k.s  rej>rejye!Ued  on  tiie  jihi|*  fsdl  into  two  classes 
the  iiitniMVcs  and  llit*  t^xtnisivi^s,  thi^  hitter  imng  KulMlivided  arcurty 
in^  tc*  theii"  i'oiii[)ositioii  and  the  jH^'iod  iif  extniHjon.     The  areas  o| 
the  inirujiive  ro<*ks  of  this  province  «re  especially  nntewoithy  Ijc- 
faiise   of  their   direel   l^earing   on    the    iK*eiiiTence   of   ore   depo,sits*j 
Their  rehition^  and  the  ehanieteriisties  of  the  extrusive  rocks  aiT  tli'" 
niiNseil  in  the  following  pages. 

The  two  maps  of  larger  scale,  showing  (*ie  eastern  portions  of  the 
Ivetehikan  tind  Wrangell  districts,  have  heen  introdnced  to  show 
greater  detail  the  geology  of  the  mainland  helt  and  the  topogrtiphie 
relief.  These  two  maps  and  the  map  of  the  adjoining  Juneau  gold 
helt  **  to  the  north  form  a  eontimions  geologic  and  topographic  *^heet 
fr<mi  Portlaml  Canal  1o  the  head  of  Lynn  Canal.  All  the  stniinien-i 
tary  rocks  indicated  on  the  Jnneati  luai)  are  t)f  Paleozoic  age  and  oc-j 
eur  in  hroad  bands  that  have  a  general  northwesterly  trend  uud  ar^ 
traceable  for  nearly  the  entire  length  of  the  mainland  belt. 

Adjacent  to  the  Coast  Range  intrnsives  and  in  phiL^s  (K'cupying^ 
stnall  narrow  areas  within  the  intrusive  helt  is  a  snccession  of  crys- 
talline schists  and  limestone  from  5  to  15  miles  in  width*  composed 
largely  of  Carboniferous  rocks.     These  in  the  Ketchikan  district  have 
been  de.scribed  as  the  ^'  Ketchikan  series,"  by  Brooks.^'  wdio  aUo  refers 
them  to  the  Carbouiferous.     Spencer'"  deseriljes  those  to  the  north- 
west in  the  Jnneau  district  a^  the  '^  Hchist  band/'    To  the  south- 
west, across  the  trend,  these  rocks  become  less  crystalline  and  this 
is  indicated  on  the  geologic  map  by  the  fewer  dashes.     Still  farther 
south  west  ward  black  slate  and  argillites  gradually  dominate,  and 
t(^  the  northwest  they  have  been  mapped  as  the  "Slate  belt'*  by      , 
Spencl^r.     These  slates  Ijordering  the  coastwise  chaimels  are  inter^^fl 
Ktnitifit*d  w^ith  volcanic  tnifs  and  lava  flows,  wdiich  in  turn  dominate^l 
in  aniotmt  over  the  sedimentary  material  and  form  the  hand  mapped     j 
as  greenstones.     In  the  Juneau  district  the  same  sueeession  of  igneoua^fl 
and  sedimentary  rocks  is  present,  and  is  describe*!  hy  Spencer  as  ihe^l 
^'  Slate-greenstone  band/'    On  the  adjacent  islands  the  areas  nuipped 
as  *'  Undifferentiated  Paleozoics  "  include  slates,  schists,  limestones, 
and  some  conglomerates,  wiiich  are  either  Carlx>niferons  or  Devonian 
in  age.     The  fossil  localities  are  indicated,  as  on  the  smaller  Jscale 
mai>,  by  letters  repi'esenting  their  stratigraphic  horizon,     Tlie  strata 
of  crystalline  limestone,  mainly  Carlx>niferons,  which  are  important 
both  stratigraphic4illy  and  economically  have  been  indicated  sepa 

•BuJl  U,  S.  Oeol.  Surrey  No.  287.  IftOe,  PL  XXX VII. 
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rately.  The  directions  of  both  strike  and  dip  of  the  structurally 
important  rock  beds  are  indicated,  and  the  positions  of  the  mines 
and  prospects  are  shown. 

Geologic  sections  transverse  to  the  general  direction  of  strike  have 
been  made  for  each  of  the  three  maps,  and  in  them  the  known  struc- 
tural features  are  represented  and  are  supplemented  by  more  or  less 
hypothetical  dotted  lines.  The  geologic  maps  and  cross  sections  will 
be  referred  to  in  the  following  geologic  descriptions,  and  the  descrip- 
tions should  be  considered  together  with  the  maps. 

SEDIMENTARY  ROCKS. 
GENERAL  STATEMENT. 

The  general  sequence  of  geologic  formations  in  southeastern  Alaska 
as  a  whole  is  presented  in  tabular  form  on  pages  34,  35.  This  table 
applies  to  the  Ketchikan  and  Wrangell  districts,  though  in  these 
districts  all  the  formations  noted  have  not  been  recognized.  The 
distribution  of  the  large  subdivisions  is  shown  on  the  geologic  maps, 
and  their  relations  are  indicated  to  some  extent  in  the  geologic  cross 
sections.  Though  the  present  geologic  data  of  this  province  do  not 
give  a  complete  record  of  the  different  periods  of  rock  deposition, 
the  general  succession  has  been  fairly  well  established  by  structural 
and  paleontologic  evidence,  and  is  discussed  in  the  following  pages 
in  some  detail. 

Of  the  earliest  rock  formations  little  or  nothing  is  known,  and  it 
is  doubtful  whether  pre-Paleozoic  strata  are  present  in  this  province. 
The  crystalline  schists  and  gneissoid  rocks,  which  form  a  wide  band 
adjacent  to  the  Coast  Range  and  resemble  the  ancient  metamorphic 
elastics  of  other  regions,  have  been  determined  by  paleontologic  evi- 
dence «  to  be  mostly  of  late  Paleozoic  age,  and  their  present  crystal- 
line condition  is  attributed  to  metamorphism  caused  by  the  Coast 
Range  intrusives. 

PALEOZOIC  STRATA. 
SILURIAN. 

The  sedimentary  record  l)egins  with  the  Silurian,  which  is  repre- 
sented by  fossiliferous  limestone  strata.  These  overlie  with  apparent 
conformity  a  l)and(Hl  (juartzite  of  great  thickness,  and  the  limestone 
and  quartzite  together  form  a  belt,  exposed  at  irregular  intervals  on 
the  west  coast  of  Prince  of  Wales  and  Kuiu  islands,  whidi  extends 
northward  and  is  again  rej)resented  on  (^hicliagof  Island  in  Glacier 
Bay.  Under  the  name  "  Wales  series  -'  Brooks ''  included  these*  older 
rock  terranes.     The  banded  quartzites  are   usually   extremely   fine 

"  So<»  i)nloont<>lo^ic   dot ormlnat Ions,   p.    ;i!). 
*Op.  clt.,  p.  41. 
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griiiiied  or  aphanitif,  indurated,  clastic  nK^Ls  grwy  to  giiHfiJ  in  color, 
vvrj  brittk',  nmi  vvilh  un  rlcnva^e.  They  iiK^liuk  tK)th  ^^dimcntury 
!>tmta  and  imhirated  Ij<.h1s  of  tuff  indTTnixed  witli  iiJ^^'ditiientftry  nuitt*- 
rial,  Weath^ning  unually  protluc^f*  a  brown  f^urface  by  the  oxidation 
of  pyrite  aTiil  other  ferntifiiiouH  paHirlt*!4» 

Tlie  Silurian  linu^^loneH  ntv  hv^i  d€>vt4c>ped  on  the  north  side  of 
Kiiin  Idand  b^twtsen  Saginaw  and  St^urity  bays,  Fi^m  the  muth 
side  of  Sa^insiw  Bay  a  wido  belt  of  chei^ty  nonfoRHiliferoTis  Umestune 
strikes  pai-allel  to  the  shore  with  a  nurlhcaj^terly  Id  vertical  dip. 
This  formation  rontiniK^  to  a  point  ont*-half  mile  west  of  the  en* 
(raiin*  to  the  bay;  At  this  point  in  the  lower  pr»rtiou  of  the  limeNftono 
belt  foKsiliftM-nus  bt*djr<  were  found  by  E,  M.  Kindle,  who  reijort^  as 
follows: 

t^ittna  uf  tht'  Atf'ttrir  i'aint  ItmrHtfmr. — ri\>sftiiM  wct**  frniiul  tit  tuJt  <nit»  tbfiillly 
lu  til  is  lIt*ieBtrijj(%  Tliey  uc'fiir  ju^t  en^t  uf  the  tliU^t  t^ove  ni»rthf*n«t  of  M<*«<lr» 
Point  on  tlu^  HiUhI  [mint  w<*st  uf  Sii^lnnw  Hay.  TIk"  froin/i  nxUnlns  »  «n/in 
uamluT  of  K|n>tit*8,  but  out*  of  ila*ta%  (■itnt*hidinm  k-niifhii,  Ih  jYjn^»eu!ed  by  very 
in«iiy  sli^-tl^  In  c4Je  tfilii  be<l  wf  Jiii«i«toiw*  The  ttnnm  iucluilt^s  iM  foUtiwlitfr 
forms : 

I)i]ihyp(iyIlniH  ?  h|i*  Hi*Ioih>n   I'f^  H*»rvni*  Bam 

Conf'LHUoiii  knftfiai   (KowJ,  MiirchltiiHilo  »([». 

Comhkllmn  kniffhti  \b  mt  «f  tlw  mmi  chariiclerlsilc  fm»UB  nf  the  Ayiii(*(*tn 

llmeistorie  of  thv  lAuMrm  (rronp  of  ICiij^lnml.  It  1»  kjiowu  *^lft^^  froio  UiiirkIji  iunX 
lioljt'mUi.  TliL*ri*  MiirH^nr  In  bv  no  roilhtMitl**  nn'orrlw  of  Uh  oetnirroun*  lu  tbi* 
SUniiiin  famijia  of  the  KiiUlkI  Htufpa  The  fuima  ImnoatciM  a  horJKon  of  tho 
ui'per  rmrl  of  tUt^  MUurlnn*  tMit  *?otn«wUiit  ear  Her  tbiiu  fbtt  ^Uurlim  fnutui  ut 
Freshwater  Bay  or  Cbtehugaf  IsUiiul, 

Southwest  of  these  fos^^iliferons  limestones,  on  the  opi>osite  aide  of 
a  small  cove,  bandtd  quart7.ite  beds^  tuiderlie  tlie  limestones  with 
apparent  eonfomiity  and  continue  southwest  with  northw^terly 
strike  and  northeasterly  dip,  forming  the  bed  rtJt*k  of  Security'  Bajj^M 
Fj^om  Security  liay  southward  the  qiuii'lzites  are  exposi:d  idoiig  tl»^ 
entire  wentern  shore  of  Kuin  Island,  a  distance  of  nearly  50  miles» 
and  are  interrupted  only  kK^ulIy  at  Washin^toTi  ITarbor  and  at  the 
liead  of  Pilhir  Bay  by  granitic  intrusions.  Alon^  this  entire  coast 
no  observations  indicated  that  there  was  a  dtiplication  of  these  beds, 
but  it  is  probable  that  duplication  exists.  The  total  thickness  of  the 
hcils  Clin  ma,  therefore,  be  estimated,  thoitgh  it  must  amount  to  many 
thousands  of  feet. 

l>EVONlAN, 

At  the  base  of  the  Devonian  ai'e  conglomerates  of  considerabk» 
tliickness.  which  contain  pebbles  and  cobbles  derived  from  the  obler 
Silurian  licds.  This  fact  suggests  an  unconformity  between  the 
Silurian  and  Devonian  strata,  though  neither  in  the  Ketchikan  nor 
in  the  Wningell  districts^  were  these  two  formations  observed  in  con* 
tact  with  each  other. 
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Along  the  northwest  shore  of  Prince  of  Wales  Island  and  on  the 
smaller  islands  adjacent  to  Davidson  Inlet  limestone  of  considerable 
thickness  at  many  points  overlies  these  conglomerate  beds,  and 
together  they  represent  the  lowest  horizon  of  the  Devonian.  These 
conglomerates  consist  essentially  of  cobbles  of  banded  quartzitewith 
some  limestone  and  schist  fragments.  Toward  the  limestone  beds 
they  grade  into  sandstone  and  sluty  limestone.  They  are  con- 
formably overlain  by  the  limestone  strata.  Narrow  beds  of  the 
sandstone  also  occur  interstratified  with  the  limestone  beds.  The 
limestones  are  semicrystalline  and  gray  to  blue  in  color,  and  not 
many  of  the  fossil  remains  in  them  are  preserved.  At  several  points, 
however,  imperfect  fossil  remains  were  gathered;  the  largest  collec- 
tion was  obtained  on  the  east  shore  of  Heceta  Island  from  beds 
directly  overlying  the  conglomerates.  Kindle  reports  as  follows 
on  this  collection: 

ClijJ  on  cast  side  of  Hcccta  Island, — The  fauna  from  this  locality  includes 
Stropheodonta  cf.  comitans  Barr.,  Gypidula  cf.  opatus,  Atrypa  reticularis, 
Pentamerus  cf.  procerulus,  Atrypa  cf.  aspera,  and  several  undetermined 
species. 

The  horizon  is  apparently  lower  Devonian.  A  frajjmentary  shell  which 
seems  to  represent  a  finely  plicated  Gonchidium  indicates  a  horizon  not  later 
than  early  Dervonian. 

The  total  thickness  of  the  conglomerate  beds  is  estimated  at  1,200 
feet  and  that  of  the  overlying  limestone  strata  at  1,800  feet.  At  this 
locality  the  rock  beds  are  broadly  folded  and  considerably  meta- 
morphosed. 

A  somewhat  higher  horizon  of  the  Devonian  is  represented  by  the 
fauna  contained  in  the  limestone  l)eds  on  Long  Island,  in  Kasaan 
Bay,  on  the  east  side  of  Prince  of  Wales  Island.  At  this  locality 
both  lower  and  middle  Devonian  fauna  have  been  recognized,  though 
the  limestone  strata  containing  them  are  api^arently  conformable. 
The  first  fossils  from  this  locality  were  gathered  by  Brooks «  in  1901, 
and  were  determined  as  middle  Devonian  by  Prof.  Charles  Sehuchert. 
In  1905,  E.  M.  Kindle  made  a  more  complete  collection  at  this  local- 
ity and  submits  the  following  report : 

Blue  limestones  form  much  of  the  surface  outcrops  on  a  f:roup  of  small,  low 
islands  near  the  middle  of  Kasaan  Bay,  of  which  Long  Island  is  the  largest. 
On  Round  Island  the  limestones  are  not  greatly  metamorphosed,  but  have  occu- 
pied a  zone  of  vigorous  deformational  activity.  The  island  affords  an  uninter- 
rupted outcrop  of  the  limestones  entirely  around  its  shore  line.  Those  outcrops 
are  of  particular  interest  as  illustrating  in  a  small  area  the  complex  character 
of  the  deformation  in  this  region.  The  IkhIs  are  everywhere  inclined  at  a  high 
angle,  usually  about  00°.  On  the  north  and  east  sides  of  the  island  the  strike 
is  within  a  few  degrees  of  due  north.  From  nearly  due  north  the  strike  swings 
around  abruptly  to  N.  80°  E.  on  the  west  side  of  the  island.  The  exposures  on 
the  wei^  side  show  the  sharp  elbow  which  the  nearly  vertical  strata  make  in 

•Op.  cit.,  p.  43. 
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cba tiffing  from  a  nortUerly  to  au  t*iieterly  strike,    Tbe  limv^toui;  im  Uuiutil  I  sin  till 
is  wbowii  by  Its  fosatia  to  be  of  tbe  imme  a*fe  as  the  appet  beds  im  Ijong  I  a  la  ml 
wbieh  He  ii  few  bi;«idrt*il  yardw  KjmUieii>st, 

On  lMi\^  Itihitit],  vvbtf  b  bus  a  li^tk^th  of  i^boiit  2  tulU^s  ixtui  an  tneiMgo  veh\i 
of  less  tbiui  oue-bair  milts  tbi'  Jhiu^Klinies  sbow  a  U'ss  <let:ree  uf  doforuiatlon  limi 
tbttw  iif  ICtaind  twbnnl.  Tbe  f1*'vnivw  bave  eouipara lively  ^c^ntlQ  tllps,  aiaoanibn 
in  imrts  of  tbe  son thni stern  (wirtUm  of  Uie  Islnml  to  ouly  Ti"  or  10"*.  In  tlifl  wei 
em  imri  itf  iJie  iwUiiid,  however,  the  dlii  li&es  to  IMI''*  IIjc  strike,  a«  Oil  li<Miii 
J  Bland,  varies  frreatly, 

A  Hi»etbMi  Hbaitc  the  wmth  slJe  uf  Uiii|if  I»JnnJ  fffmi  tbe  e«i«t  end  to  E^H  Fo?id 
allows  tbe  fonowiuu  Jw^rtew  of  beds; 


Ct  Hnr(I>  dark'ijniy  Iliiiesloin%  wlipbrij    inrker  tb»o  tbt*  luvi^dhtg .» 

b.  Hard,  blia%  liiu'-Ki'aiaed  iina^wloii^';  frarttiHo*;  eaKiiy  bi  aay  dtn*t'Hon,___ 
fi,  Hiifr  iir  creatii-eolore^l  feJdBi'«tlde  wandatooe  tniderlybig  tlie  llmostoaeft^— 


m 


sind 


Tlje  two  dlTlston»  of  tl'  ■  lituestime  pserU*!*  ar**  c»<nifortiiMbb\  and  thf^  upi^or  a 
bnvirr  jportloiift  nre  very  slaiUnr  In  liUicifd^'Ir  ebaraeter,     Analyni^M  uf  (b**  ninn^r 
and   Jower  lairtlous  of  tbe  liua'stune  KerU'S  rtbmv  tbeni   in  bi'  very  i^lmltar 
clieuilenl  e<aiJi»oaltlou,  one  eairyini^  U\U\  jier  eent,  tbe  olber  i^XAi  iw|-  eenl 
lime. 

Aside  from  tbe  fauaal  differeneew,  wbleb  are  tjulte  jnarkisL  there  art*  no  tcj 
evbleut  n^asiiriR  for  umkinfc  tWi>  dhii^loni  of  tbe  MmeNtoiiesi- 

Fa  li  a  a,— Tbe  ebaraeter  of  tbe  fauna  hi  thr-  lower  weetton  \fn  of  tJje  Umes^toj 
seritvH  l^  Imlit^att^l  by  tbo  foliowlug  list: 


Stictopora  fsp. 

CbidojKjra  tip. 

SjJlrlfer  cf.  «uleatii»,  Hislni^er* 

Ban^nVnoHtes  b]\ 

Cardbila  sp, 

Hereynelbi  ii  old  J  Is,  Burr. 

Herey  1 1  e  1 1  a  b  e  bea  i  i  ea .  H  a  r  r, 

IIoii>|iea  sp. 

Murfbii^oniii  ajipuhUa  I'lihlHm. 

Mnrehlf5<)n!n  sji.  1. 


ihu'^bfs^inla  H|n  'J, 
rbirdiroebiis  vt.  nndeiia. 
t^ixnnema  m|i^ 
TlnJopelbi  an» 
Trm'bunema  sp, 
ICiiom  { iba  1  o  pt  er  i  j*  >  s|>, 
n|«*rfoluni, 
neyri<dij;i  V  t^p. 
Lt*perdit[a  sp, 
Ortboeeras  wp* 


The  iirrnrrenee  of  the  f:enns  ftereyneila  In  tld^  faima  tn  of  enn«lderable  tntef* 
est,  *sinee  it  baj^  not  been  f*»tiad  beretofort*  in  Ainerlt/tK  fi,  hahemivn  oeeiir?^  \x\ 
the  luwer  nwiininti  wf  t]a<  [  jal  amnnfalns,  Uoib  iL  hufitmun  and  ti,  ttrtbitiff 
are  pieseni  hi  eta^e  F  of  Marrand's  Hobemian  >^t4'it(m*  Their  jirentnov  In  ihi 
fanna  at  Lonj;  Inland  indieates  that  tbe  latter  Is  nuieli  na>re  elob^^lj*  related  H 
tbe  Enroji^'an  and  Asiatic  than  la  tbe  Amerlean  faunas  imtside  of  Ala*^ka, 
TldH  Irjwer  fauna  nt  UmjEr  Island  represents  the  Unrest  Devonian  borissim  wbleh 
has  been  f*ajnd  in  Alaska. 

tu  tin*  aiifnu'  [M^rtUai  <if  tbe  bibber  llnie^^tiaj*"    (r)    t)je  follow iuj;  fAUna  ai 
found  ; 

l''iivo.sifes  rf.  radk'Ifin^iidB  Horn.  t'aleenbi  ef.  sjitabiliim. 

f>aUio[hbylbmj  six  SyrinpuHoa  hji. 

(*rth4iph.vl!uni  ?  sil  •  Lin;;nla  ef.  bubemtea, 

JS^qilirentls  sp.  Alryim  rutlenlarls  Li  mi. 
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Atryiia  bystrix  Hall. 
Gypldula  oiiatus  (Barr). 
(>yi>idula  cf.  interveuicus  (Barr). 
Meristelia  cf.  barrisi  Barr. 
Stropbeodonta  stepbaiii  (Barr). 
Spirifer  si). 
Spirifer  biaus  Bicb.  ? 
Splrifer  tbetidis  Barr. 
Spirifer  Siibeoiiii)rimatu8  Tscb. 
Spirifer  sp. 

Spirifer  indeferens  Barr. 
Spirifer  s|). 
Reticularia  V  sp. 
Kbyucbonella  cf.  amaltbea  Barr. 
Rbyucbonella  livonica  Bucb. 
Pugnax  sp. 

Dalnianella  occlusa  Barr. 
Scbizopbora  macfarlani  Meelc.  ? 
Scbizopbora  striatula  Scblotb. 
Streptorbyucbus  sp. 
Stropbeodonta  comitans  Barr. 
Camarotoecbia  V  sp. 
Cypricardiuia  ?  sp. 
Concardium  cf.  bebemicum  Barr. 
Concardium  sp. 


r^uciuia  cf.  pix)avia  Goldf. 

I-.eptodesma  sp. 

Mytilarca  sp. 

Nueulltes  sp. 

Telluopsis  sp. 

Holopella  V  sp. 

Loxonema  'i  sp. 

Murcbisouia  s]).  2. 

Murcbisouia  si).  1. 

Naticopsls  sp. 

Oriostoma  sp. 

Oriostoma  priiiceps  var.  Oeblert. 

Euompbalus  cf.  plauorbis  D'Arcb  and 

Vem. 
Tremanotus  cf.  fortis  Barr. 
Teutaculites  sp. 
Ooceras  sp. 
Gompboceras  V  si). 
Ortboceras  sp. 
Cytberella  ?  sp. 
Entomis  i)elagica  Barr. 
Lepterditia  sp. 
Cypbaspls  sp. 
Proetus  sp. 
I*roetus  cf.  roiuauooslii  Tscb. 


In  place  of  tbe  gastoropods  wbicb  are  tbe  dominant  forms  in  tbe  lower 
horizon  tbe  bracbiopods  are  tbe  predominant  group  of  tbis  fauna.  Tbe  Iler- 
eyiiellas,  wbicb  are  abundant  at  Ave  borizous  in  tbe  lower  beds,  appear  to  be 
entirely  absent.  Tbe  upi)er  fauna,  bowever,  agrees  witb  tbe  lower  in  its 
foreign  affiliations.  In  it  occurs  tbe  peeuliai**ioral,  Calceola,  very  common  in 
tbe  middle  Devonian  of  Europe.  Several  si)ecimens  among  tbe  bracbioi)ods 
are  eitber  identical  witb  or  bave  tbeir  nearest  analogy  in  Euroi)ean  species. 
The  fauna  represents  a  middle  Devonian  or  late  lower  Devonian  borizon. 

Tbe  lowest  40  feet  of  division  c  of  tbe  I^ng  Island  section  furnisbed  a  fauna 
differing  but  slightly  from  tbat  of  tbe  upper  part.  Tbe  following  list  indicates 
its  cbaracter : 


Cladopora? 
Cj-athophyllum  sp. 
Camarotoecbia  sp. 
Meristella  cf.  Ceres  Barr.- 
Spirifer  sp. 

Spirifer  cf.  tbetidis  Barr. 
S|>irifer  cf.  cbeiropteryx. 
Stropbeodonta  comitans  Barr. 
Orthonota  sp. 


Scbizodus  sp. 

Conoi-ardium  cf.  bebemicum  Barr. 

Euompbalus     i)lan<)rbis     d*Arcb 

Vern. 
Oriostoma  princeps  var.  Oeblert. 
Tentaculites. 
Cyrtoceras  si). 
Ortboceras  sp. 
I'roetus  cf.  roniaii(M>ski  Tscb. 


and 


The  stratigraphic  relations  of  Long  Island  limestones  to  the  geo- 
logical horizons  represented  on  the  adjacent  shore  of  Kasaan  Bay  can 
not  be  definitely  determined  because  of  their  topographic  isolation. 

The  middle  Devonian  horizon  again  occurs  about  20  miles  south 
of  Long  Island,  at  the  head  of  Clover  Bay,  where  a  small  area  of 
schistose  argillites  and  black  limestone  is  found  almost  completely 
40840— Bull.  347—08 i 
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siirn>uiKkKl  by  an  intru.sivi*  dioritt*  uia^.    These  Innh  nrc  liijjhly 

tilt  oil  £111  d  have  a  fijrneral  tiaHt-west  strike.     Fossils  giithered  from  tlik^ 
locality  were  deteniiiiied  by  E*  M»  Kindle,  n^  follows:  ^| 

Ntt,  4iL—BonthVFmi  aiile  iit  Clover  Hay,  eaut  ro«i»t  of  Fritter  cif  WnUm  Mtimh 
Tlie  fi>a8llti.  wlileh  »rp  Imdly  iliMortnl  liu^ludr  llu^  f*illowliJu  Hl't'uit.'W: 

lVnJ«mnvJUi   'i  up. 
Ati'jim  rolifiilarM, 

Till?  Ji^f  is  Ikniiniati,  Tin*  ffiiinnl  t*vUlerKt%  tboUifJi  ivol  t'tmr1tl^lVL\  ftHgeC^^ 
tUat  tbe  horls^fiu  is  pnihnhly  tiihhllr  l>rvoaliU]. 

This  oeeiurenee  shown  that  arjjillites  as  well  as?  liiiicstoni?s  we 
deiKJsited  dtirihg  middle  Devouiiin  lime,  but  do  stratigraphic  ivljj 
turns  eould  be  determined  l^ecaut^  they  arc  surrounded  by  the  m*i 
sivc  nuiws. 

At  Vall^nar  Bay,  on  the  north  t*iul  of  (iravina  Ishiod,  beds  of  Hhaf 
limestone,  aririllaceon?^  hfehist,  anfl  M-hintusc^  eougloinerati*  rniit»iiiiiii^ 
middle  Devonian  fauna  occupy  the  strnctnral  c*rest  of  an  anticliiw 
These  l>eds  nndtirlie  the  shites  and  grwnstone.s  whidi  border  both 
eant  and  we^t  shore  of  llie  island.     Fossils  wen^  Hrnt  found  at  thJ 
locality  by  Brouks  in   l^MJlj  and  were  determined  by  Charloi^  Schw 
chert  to  Ije  Devonian,     In  n)05  a  collection  wan  made  at  this  locality 
by  E,  M,  Kindle,  and  in  VM\  more  material  wan  gathered  by 
-ivTiters.     Kindle  report:^  as  follows: 

Ottf'  miif  wr»t  nf  Vamnar  ^nu,  (hnvinti   !^tand,*-Thi*  aiateHal   froia  tills 
Jm-alOy,  wtillo  generally  luHumciiMit   tor  ^piK^Uh*  ^it^tiTinlrmtioiK  \f^  iniirli   i>oftf*r 
tliHii  lljsn  olitniiii'^l  hint  yeiir    (lucifo   amj   k^Wi^  un  thmhi  aw  lii  tlit*  I»ov«iii*a«^ 
age  *  if  tin*  hpilH  uosf  r>f  ValliMrar  Buy.     Sfvornl  K|n'<'nntMm  cif  Afrffjm  tftlrfihif 
are  iirL'suiit.     Thl«  y[H?rtt'Si  tiNcy  thi-  boi'l-^im  a^  mU   ^atiH'  tlmji  t'arbtviarc^rmiil 
whiU'  rUe  n»tw>L*latloa  i>f  i'UwivfVH  ef,  mfiniUfhctfHh,  Spirifit*  »p,,   ^'rmitts  sf*., 
and  Vf/vtutittfHt  mP*  laiOfati*  a  horlKun  of  UovuiUaa  agt^  prtiliaUly  middk>  U 
vuuUiii. 

The  Devonian  bt?ds  at  this  locality  and  tliono  on  Ijon^j:  Island  are 
inchidnd  under  the  name  *'  ValhMiar  si^-ics  "  by  Hrooka '^  and  are  de* 
j^crihed  in  his  report  on  tlie  Ketchikan  district,  i 

Limestone  beds  eontainin^  an  upper  Devoninn  fauna,  and  oveffH 
lyiiifT  with  apparent  con  fori  nit  y  banded  ar^^illaci'ous  Iwds  Hindi  a  r  to 
tho^e  of  iniditle  Devtaiian  age  exposed  at  Chjvcr  Bay,  mmr  in  a  ^mnW 
cove  (i  miles  south  of  Klawak  on  the  west  coast  of  Prince  of  Wales 
Island. 

Kindle  reports  as  follows  on  a  collection  made  at  the  above  hicitiity : 

\Vi,  MJ,— Polat  0  ji>nf*j3i  son  til  iif  Ivliixvak,  u^st  coast  of  Prlnee  of  Wak» 
Xolana. 


\my 

tilts 
ftrr 

liaiij 

'4 

11^ 
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Fauna  comprises: 
Zaphrentis  si).  Productella  ha  liana. 

Cyathophylluui  cf.  Keniculiim.  Spirifer  c-f.  anossofi  A'erneuil. 

Cladopora  cf.  rcemeri. 

The  ProducteUa  hallana  and  Spirifrr  of.  anosHofi  \'ern.,  are  represented  by 
a  number  of  specimens  and  seem  to  be  the  most  abundant  fossils  at  the 
locality.  8.  anossofi  is  a  representative  of  the  Ural  Mountain  fauna,  and  is 
closely  related  to  8.  hungerfordi  of  the  Iowa  Devonian.  ProducteUa  hallana 
is  a  common  species  in  the  western  American  Devonian  and  is  also  found  in 
the  Ural  Mountains.    The  horizon  represented  by  this  fauna  is  upi)er  Devonian. 

Three  miles  northwest  of  the  above  locality,  on  a  point  opposite 
Fish  Egg  Island  in  Klawak  Inlet,  the  same  horizon  is  again  repre- 
sented. The  limestone  beds  strike  northerly  with  steep  dip  to  the 
northeast,  and  are  underlain  as  at  the  above  locality  by  banded  sili- 
ceous slates.  The  duplication  at  these  localities  is  apprrently  due  to 
folding,  though  the  folds  were  not  clearly  defined. 

Kindle  makes  the  following  report  upon  the  fossils  collected  at 
this  locality: 

Point  north  of  Fish  Egg  Island,  Klawak  Inlet,  near  Pruuc  of  Wales  Island, — 
A  small  collection  from  this  locality  is  composed  mainly  of  corals  and  small 
ostracods.  It  includes  Stromatopora  sp.,  Cyathophyllum  sp.,  Striatopora  si)., 
and  Cyrtina  n.  sp.  This  assemblage  indicates  a  horizon  of  probably  late  Devo- 
nian age.  The  Cyrtina,  with  finely  striated  fold  and  sinus,  suggests  a  horizon 
not  earlier  than  upper  Devonian. 

South  of  these  two  localities  of  upper  Devonian  fauna,  on  the  east 
side  of  San  Juan  Bautista  Island,  the  same  horizon  is  again  repre- 
sented. The  limestone  beds  at  this  point  strike  northwesterly  with  a 
flat  dip  to  the  southwest,  and  a  wide  belt  of  granite  invades  them  and 
occupies  the  central  part  of  the  island  (PI.  I). 

Kindle  submits  the  following  report  on  the  fossils  gathered  at  this 
point: 

Southwest  end  of  l^an  Juan  liaiitista  Island. — The  presence  of  t^pihfer  dis- 
Junctus  and  Produetella  cf.  laehnjmosa  in  the  fauna  from  this  locality  indicates 
a  horizon  of  ui)per  Devonian  age.  There  are  also  present  Cyathophyllum  sp., 
AthyriB  cf.  angeliea,  Atrypa  rrtieularis,  and  other  species. 

The  limestones  at  the  latter  localities  represent  the  uppermost 
horizon  of  the  Devonian  reco^iized  in  this  province.  To  the  north, 
however,  on  Chicha^of  Island  the  upper  Devonian  is  terminated  by 
a  considerable  thickness  of  submarine  nielapliyre  lava  flows  and  tuffs 
interstratified  with  and  overlying  upper  Devonian  limestone  beds. 
Fossils  were  also  present  in  the  tuff  beds,  thus  defining  the  age  of 
these  extrusives.  These  melaphyre  lavas,  however,  were  not  observed 
in  the  Ketchikan  or  Wrangell  districts. 

The  distinctions  between  the  three  divisions  of  the  Devonian,  the 
upper,  middle,  and  lower,  in  most  places  are  not  clearly  defined  pale- 
ontologically,  and  at  no  locality  was  a  complete  section  of  these 
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horizons  ol)taiiu'(l.  It  was  therefore,  necessary  to  gi'oup  the  Devo- 
nian under  two  divisions  in  the  strati^raphic  table  (p.  35),  namely, 
upjKT  (o  nii(hlle  Devonian  an<l  middle  to  lower  Devonian. 

CARitOMKKKOUH. 

The  strali^'aphi<*  relations  l)etwe(Mi  the  early  Carlioniferous  and 
the  late  Devonian  formations  are  not  definitely  known,  and  in  no 
place  were  the  formations  observed  together.  On  Chichagof  Island, 
north  of  this  province,  lower  Carl)oniferous  limestones  overlie  the 
n])i)er  Devonian  volcanic  beds  with  apparent  conformity,  though 
this  relation  was  but  poorly  defined.  The  same  horizon  of  the 
lower  Carboniferous  is  represented  by  fossil-bearing  limestones  on 
an  islet  at  the  entrance*  to  Soda  Springs  Bay,  on  the  west  coast  of 
Prince  of  Wales  Island.  The  limestone  l)eds  strike  northerly  and 
are  steeply  tilted  toward  the  east;  they  overlie  with  apparent  un- 
conformity conglomerates  and  sandstones  which  resemble  those  of 
early  Devonian  age.  On  Prince  of  Wales  Island  opposite  this  islet 
are  slates  and  chlorite*  schists  which  resemble  those  probably  belong- 
ing to  the  upper  Carboniferous. 

Hie  collect i(m  of  fossils  from  this  locality  was  referred  to  G.  H. 
(lirty,  who  reports  the  following: 

Tin*  S«mIm  sprinj^s  lUiy  roWvi'tUm  (•()Ilt}UIl^<  tlie  fol lowinjr  foriiiH: 

Zaplirentis  sp.  PnKluctiis  alT.  corn  lyOrbigiiy. 

McMiopliyllumV  n\),  Product  us  aff.  concentrlcus  HaU. 

l)<»rl»ya  sp.  TroduotuH  aff.  burlingtonensls  HaU. 

Schizophoria?  sp.  Spirifer  alT.  blsulcatua  Sowerby. 

ClKUH'tes  sp.  Spirifer  aft*,  kookuk  HaU. 

rrodintus  aft*,  pnnc-tatns.  Spiriferina  sp. 

PnMliictus  atT.  niesiaiis  Hail.  Keticularia  aflT.  setigera  Hall, 

rn.(lii(tiis  jilT.  sctijrei  Hall.  Athyris  aflT.  lamellosa  IVEveUle. 
l*rn<ln<'tiis  hirsutiformis  Walcotl. 

This  li»i  (Ij'.-iriy  hchm^'s  t(»  tlu'  1<>\v«m'  rarbniiiforous  fauna. 

()ii  the  -oulh  <'ii(l  of  (iraviiia  Ishnid  :>  iiiile>  north  of  Dall  Head 
r()--il>  \\('i<'  ronixl  in  IxmIs  of  calcareous  schist,  which  because*  of 
tlicii'  ainl)ii:irny  could  not  i)e  (h'liiiitely  dctcruiined,  but  are  pro- 
\i^ioiially    referred    to    the    lowei-    ('ai"l>oiiiferous.     These,    however, 

may  rcpre^'iil  a  Tria.^-ie  lioi'i/on. 

(iirly  repoi'l-  a>  follow-  on  llii>  collection: 

cnii  .;  /////( s-  )inri/f  nf  ihiil  Ihmi,  lit  sf  x/V/c  nf  (intriun  Inland, 

/Mplin-iiii^  sp.  llalnhin    V  sp. 

Litlmsti-nlinii   sp.  iMrrJji    V  sp. 

(\vi-tiii:i  s]..  Trliiika   V  ef.  bellnla  Harraiide. 

Mai'liui.-i    V  sp.  LnxoiuMiia    V  sp. 

I  Mt'hisiii.i    V  mIT.  l)«.\id»Mis  Tsrhrni..  im'H       JJiomi'lialns  V  sp. 
Martin.  rNMirotoinai-in  sp. 

I  >irI.M^Mi:i   't  ',\U'.  u\[\\i'\>u\\r\-A\\\ni.  Nati<'<»psis  sp. 

AvJcnliju'fPMi  V  >']k  Several  nndrirrmiiKMl  forms., 
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By  the  presence  of  Halohiuf,  which  is  very  similar  to  if  not  identical  with 
that  which  occurs  in  lot  17  on  the  Yukon  (determined  as  lower  Carboniferous), 
as  well  as  by  certain  other  particulars,  a  correlation  of  the  two  horizons  is 
suggested,  and  i^erhaps  for  the  present  that  is  the  l)est  disiwsition  which  can 
be  made  of  this  very  ambiguous  collection.  At  the  same  time  the  two  faunas 
are  rather  widely  different. 

Few  data  exist  concerning  the  interval  between  the  lower  and 
upper  Carboniferous  faunas,  as  the  two  formations  are  nowhere 
present  at  the  same  locality  and  no  fauna  representing  the  intervening 
period  has  been  found.  The  upper  Carboniferous,  which  probably 
incrludes  the  most  extensively  developed  formations,  is  represented 
by  limestone  beds  at  Saginaw  Bay  and  Keku  Islets  at  the  north  end 
of  Kuiu  Island.  The  beds  there  overlie  sandstone  and  conglomerate 
with  a  suggestion  of  unconformity.  The  determination  of  the  fossils 
contained  in  several  collections  from  the  limestone  beds  on  Keku 
Islets  and  Saginaw  Bay  indicates  a  lower  and  an  upper  series,  both 
of  the  upper  Carboniferous  formation.  Girty  in  his  report  on  these 
collections  states: 

These  two  series,  but  especially  the  upper,  are  what  have  previously  been 
determined  as  Permian  in  the  Alaslca  Itanjxe,  but  I  reailly  find  that  the  resen»- 
blance  with  the  Gschelian  stage  of  the  Russian  section  is  greater  than  with  the 
Russian  Permian.  Provisionally,  therefore,  I  will  correlate  this  horizon  with 
the  Gschei-stufe,  in  which  occur  a  greait  number  of  e(iuivalent  or  identical 
si)ecies.  This  fauna  is  entirely  unlike  anything  in  the  Mississippian  province 
of  the  Unlt(Hi  States,  but  some  of  our  western  faunas  resemble  it. 

On  the  northernmost  of  the  Keku  Islets  about  130  feet  of  a  white, 
cherty  limestone  occurs,  which  is  underlain  conformably  by  about  100 
feet  of  shale,  sandstone,  and  conglomerate  beds,  the  latter  consisting 
of  cherty  pebbles  and  limestone  frajo^nents,  which  are  interstratified 
with  narrow  beds  of  limestone  containing  numerous  fossils.  These 
l)eds  had  a  N.  10°  to  80°  W.  strike  and  dip  of  80°  to  50°  NP].  Girty 
in  his  report  notes  the  foHowing  list  of  genera  from  the  above  lo- 
cality : 

FofisiJs  from  n(n'thrrnmo.st  of  Keku  Jslrts. 

Fusulina  aff.  L.  longissima  Moell.  rnwluctus    n.  sp.  aff.  1*.  tuberculatus 

Stenoporn  sp.  Mo(»ll. 

Uhombopora  sp.  Productiis  sp. 

Meekella?  sp.  Marginifera  aff.  M.  jur(»sanonsis  Tsch. 

Perbya?  sp.  Spirifer  canioratus  Tsoli.,  non  Martin? 

Chonetes  aff.  C.  trapezoidalis  Waagen.  Spirifer  arcticus  Houghton? 

Productus  aff.  P.  cora  D'Orl).  Spiriferina  aff.  S.  pyramidata  Tsch. 

Productus  aff.  P.  humboldti   D'Orb.  S<piauiularia  sp. 

Productus  aff.  P.  koninclvianus  Vern.  IMiguax  aff.  Utah  Marcou. 

Productus  aff.  P.  fasciatus  Kut.  Uliynchoimra  aff.  U.  geinitziana  Tsch. 

Productus  aff.  P.  tartaricus  Tsch.  Hhynchopora  aff.  K.  nikitini  Tsch.? 

Productus  aff.  P.  lineatus  Waagen.  (\-un}\rophoria   aff.  C.  purdoni   David- 

Prodoctus    semlreticnlatus    Martin.  son. 

Productos  aff.  P.  Jakovlevi  Ts<h.  raniaroplioria  aff.  C.  sup<M-stes  Vern. 
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StrohlopltM'iii  sp.  rst'udcHiielaiiia  sp. 

Aviciilip<Mt<*ii  afl'.  A.  iiin-oyi  M.  and  H.     I^)X()iu'nia  aff.  L.  siibgrucnis  Netch. 

Avi(:iiIip<Ht<Mi,  2  sp.  Tiirhonciiina    aff.    T.    c*batzeiK)vkeii8i8 

riminV  sp.  Kak. 

SchiziMlus  sp.  Ploiirotoniaria.  2  8i). 

rapulns  sp.  Kelloroplion  sp. 

Straparollns  sp.  Me(lli('<ittia  aff.  M.  oniiKiiaiia  Vera. 

I>n]ini(»rph:i  V  aff.  H.  ]MM*a(*uta  M.  and  11.      Le]»(T4lHia  sp. 

This  fauna  !M»l(»njjs  to  th«»  lowvr  s«»rios  of  tho  Osfholinn  or  upper  Carbonif- 
erous. 

A  few  miles  west  of  the  Kekii  Islets  the  Carl)oniferous  limestone 
is  again  found  on  Kuin  Ishuul  alon^ij  the  east  short  of  Saginaw 
Bay.  It  forms  a  belt  of  outcrops  from  Cornwaliis  Point  nearly 
to  the  head  of  the  bay.  The  peninsula  forming  the  east  side  of  the 
bay  is  in  an  area  of  moderate  folding  where  deforniational  forces 
have  exertcul  a  mininuim  inHuence,  so  that  the  rooks  are  but  slightly 
metamorphosed  and  the  preservation  of  the  fos.sils  is  exceptionally 
good.  At  the  north  end  of  Ilalkrk  Harbor,  near  the  entrance  of 
Saginaw  Hay,  the  axis  of  a  gentle  fold,  apparently  only  600  or  800 
yards  across,  lies  near  the  middle  of  the  eove.  The  dip  of  the  beds 
in  this  fold  varies  from  H^  to  45°.  Another  small  fold  may  be  seen 
just  west  of  Ilalleek  Ilaibor.  The  trend  of  thes(»  folds  is  variable, 
but  is  gcMieially  northwesterly  and  southeasterly.  The  section  ex- 
j)()sed  in  Ilalleek  Harbor  is  very  similar  to  that  shown  on  Kekii 
Islets.  Heds  of  while  cherty  limestone  450  feet  or  moi*e  in  thickness 
overlie  a  series  of  black,  carbonaceous  shales,  calcareous  sandstones, 
and  conglouH^rates  with  an  expos(»d  thickness  of  125  feet.  This 
s(»ctioii  is  of  sj)ecial  interest  lM»cause  the*  faunas  j)resent  in  its  upper 
and  low(^r  divisions  repnvsent  respectively  the  upper  and  lower  series 
of  the  u|)p<'r  Caiboiiiferous  formations.  In  the  lower  IhmIs  of  the 
-cdinii.  wliiclj  i>  ('\c(»pt ionally  I'ich  in  genera,  (Jirty  identified  the 
follow  iiig  f()rin> : 

/'ov\//v    Irntii    Ihilhtl:    Unrftor.    Kuin    Jshinil:    hurcr   ilirisUtt\    nf   umivr 

('nrliniiifrrims. 

I'nsiiliiiM   .iir.  F.  IniiL'issiiii:i   M«»rll.  Spirifrr  afl".  S.  nfensis  Tsch. 

('i;Miia  sp.  Spirir«'r  caniorMtus  'rsrh.,  non  Martin? 

S«liiznpliuri.i  V  sp.  Scpi.-iMiuIaria  n.  sp. 

Hrrhya   alT.   1  >.  rolmsia   Hall.  Martiiilc»|)sis  sp. 

Clinncli's  sp.  Kliyncliopora  all'.  R.  jroinitzlana  Tsch. 

('hdiu'trs  atT.  i\  trap<'Z<»i<lalis  Waaj^en.  Diclasnia  sp. 

ri'odiU'tMs  a  IT.  1*.  ImiiilMildti  D'Orb.  Strchlopteria  sp. 

ProdiKius  aff.  I*,  porn-ctiis  Knt.  Avicnlipcctrn  aiT.  A.  incooyi  M.  and  H. 

l*r«MlMclus  alT.  W  smilrrlitMiIatiis  Mar-  A\  i<-iilip(M-l('n.  2  s|>. 

tin.  '  Mntolinni  alT.  K.  avirnlatnni  Meek. 

Prnjlin-ins  air.  P.  <i-hrt'Mkl  Si  nek.  SoIrimpsisV  sj). 
I'rnciii.-tiis  rui-a    !>'<  )i-l». 
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In  the  overlying  limestone  beds  belonging  to  the  upper  series  Girty 
reports  the  following: 

Fossils  from  Halleck  Harbor,  Kuiu  Island;  upper  division  of  upper 

Carboniferous. 

Zaphrentis?  sp.  Spirifer  aff.  S.  alatiis  Scliloth. 

Crinoid  fragments.  Spirifer  aff.  S.  blasl  Vern. 

Stenopora  sp.  Spirifer  nrticiis  Houghton. 
Streptorbynchns  aff.  S.  pelargonatnni     Spirifer  n.  si),  aff.  S.  marconi  Waagen. 

Scblotb.  Spirifer  aff.  S.  tlieueri  Ts«li. 

Cbonetes,  2  sp.  Spiriferina  aff.  S.  eristata  Schloth. 

Productus  aff.  P.  timanicus  Stncli.  Squaniularia  sp. 

Productus  aff.  P.  aagardi  Tenia.  Cleii)tliyris  sp. 

Productus  aff.  gruenewaldti  Stuck.  Camarophoria  uiargaritovi  Tscli. 

Productus  aff.  P.  bumboldti  D'Orb.  Camarophoria   aff.   O.  i>urdoni   David- 

Productus  aff.  P.  mamma tus  Keys.  son. 

Productus  aff.  P:  lineatus  Waagen.  Hhynchoi)ora  aff.  U,  nilvitini  Tsch. 
Productus  aff.  occidentalis  Newl)erry.      Hliyuchopora  aff.  K.  geinitziana  Tsch. 

Pro<Uictns  sp.  l)i(»lasma  sp. 

Corresponding  fauna  have  been  found  in  the  limestone  beds  at 
Taku  Harbor  on  the  mainland  in  the  Juneau  district,  and  in  the 
Ketchikan  district  limestone  beds  rich  in  coral  fragments  and  prob- 
ably of  the  same  horizon  occur  at  the  head  of  George  Inlet. 

These  two  localities  in  the  mainland  belt  are  included  in  a  success- 
sion  of  argillites  and  crystalline  schists  which  are  closely  fokled  and 
highly  metamorphosed  and  form  a  band  from  5  to  15  miles  wide 
striking  northwesterly  along  the  southwest  flank  of  the  Coast  Range 
intrusives.  These  metamorphic  strata,  which  are  called  tlie  '*  Ketchi- 
kan series""  in  this  province  and  in  the  Juneau  district  the  '"  Schist 
band,"  ^  probably  include  nuiny  different  formations  which,  how- 
ever, can  not  be  defined  because  of  the  complexity  of  structure  and  the 
metamorphism  developed  in  them. 

At  the  Taku  Harbor  locality,  25  miles  south  of  Juneau,  specimens 
of  Productus  aff.  P.  gruenewaldti  Krot.  were  found  by  E.  M.  Kindle 
in  1905  in  a  much-altered  limestone  at  the  base  of  (he  slate-greenstone 
band  defined  by  Spencer.'"  They  determined  definitely  the  age  at 
this  point  as  upper  Carboniferous.  At  the  George  Inlet  locality  a 
large  collection  of  fragmentary  corals  was  gathered  at  a  point  on 
Revillagigedo  Island  and  submitted  to  E.  M.  Kindle,  who  reports  the 
following : 

'No,  966,  Point  on  southeast  side  of  George  Inlet  10  miles  from  its  head,  Re- 
villagigedo Island. — The  fossils  from  this  point  comprise  only  crinoid  stems, 
which,  however,  are  so  a!)nn(lant  as  (o  make  up  a  larjre  portion  of  tlie  roclv. 
Crinoid  stems  can  not  ordinarily  l>e  nsed  for  correlation.     However,  tlieir  j^reat 


*  Broolcs,  A.  H.,  Ketcliiltan  nilniiifx  dislrict  :  I*rof.  Papor  V.  S.  (Jrol.  Surv«>v  No.   1,   r.HH'. 
p.  42. 

•Bull.   IT.  8.  <Jeol.   Survey  N<».  liST,   VMH),  ]^k   10-17. 

*  Idem.  pp.  18-19. 
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abundunce  here  seems  to  jQStliy  a  sarmlse  tbat  t  I  Hy  rojn-t^ticnl 

Carboniferous  horlaon.     Orlnoids  In  anch  abun  |h         Iowii   by   tbt^sn" 

speeimeus  occur  in  very  few  places,  if  anywhere,  <  kmlft*txni7i  iHiri- 

zons.  In  the  absence  of  other  evidence  the  honaoD  rtprfwrnneci  mny  bt*  n^orred 
tentatively  to  the  Garfooniferous. 

A  third  fossil  locality  in  this  maiinland  iM-^lt  was  discovered  by 
L.  M.  Prindle  at  a  point  just  north  of  the  Utwu  of  Wnni^^IL    The 
inclosing  rock  strata  were  argillaceous  blark  shu^s,  :niil  tht'  fo^^iLt 
contained  were  so  poorly  preserved  that  deftJiite^  pdltHHitologic  stat 
ments  could  not  be  made  in  regard  to  thenu    T\\i*y  wore  refei  i*od 
G.  H.  Girty  for  examination,  who  submits  the  following  report : 

The  fossils  in  Questicm  consist  of  two  specimetii;  of  firUnyr^^i  shellSt  txig 
apparently  belonging  to  the  same  species.    In  thc'tt-  T^n^^i^it  nXnle  tlit*  nltlii^jit 
generic  characters  are  concealed,  and,  though  It  li?  Kmia^tiuieR  j^m^lblr  ttJ  ilH<t! 
mine  the  genus  satisfactorily  without  these  chamrtin-s*  wh  hy  Hutm*  [Hn^niiarH 
of  shape,  such  determination  is  not  possible  with  llit^  prem'tii  exutuploit. 
fact,  even  specific  characters  have  been  more  or  U^kr  mbsc^tn-t'tl  mul  o!mn^ 
so  that  these  shells  might  belong  almost  equally  well  to  Severn!  ^onern  wh*^^ 
range  and  geologic  age,  so  far  as  paleontologlc  rvltUMit.'i*  I*  i-oticcriu^iK  u»l«lit 
be  almost  anywhere  from  Devonian  to  Recent.    If  I'jiUn^sitoU*,  t  uonUi  tt^l  rttq 
posed  to  refer  them,  by  reason  of  their  shape  and  HrulrHtinv  (n  Uu«  u'itiuM  Bi 
mondia,  though  such  a  reference  would  be  little  dm  in*  tliuu  it  ^umii^r^.    Tb 
range  of  Edmondia  is  practically  restricted  to  the  TknorUuii  mul  (\vibtnjif4*ri>iil 
It  is  with  sincere  regret  that  I  submit  a  report  as  tuisailsfau'tcjr.v  )1m  1  knifw  thi.< 
must  be,  but  I  feel  that  the  evidence  would  not  jtiHtify  a  Hti-onger  or  iiior^ 
definite  opinion. 

In  view  of  the  comparatively  weak  paleontolo^ic  and  stmtigrnph^ 
evidence  bearing  on  the  precise  age  of  these  nrf^itlites  am!  cry?itiillii 
schists,  it  is  possible  that  their  period  of  deposition  extended  t*ve 
beyond  the  Carboniferous  period  into  the  Triiirtsie,  e^^peeially  when 
the  extensive  development  of  Triassic  strata  to  (ho  ^onth  in  British 
Columbia,  as  described  by  G.  M.  Dawson,*"  is  taken  into  eorisidera* 

tion.    The  evidence  thus  far  gathered,  howevei .,  iiuUeates  Carbonifer- 

ous  a<r^^  for  the  greater  portion  of  these  crystalline  s<!hist^  and 
argillites.  Besides  their  distribution  along  the  nminlaiKl  and  ad- 
jacent islands,  they  are  developed  widely  on  Prince  of  Wales  Island 
and  to  a  limited  extent  on  Kupi'eanof  Island.  ^h 

The  most  recent  Paleozoic  rocks  in  this  province  are  upper  Cav^| 
boniferous  lava  and  tuff  beds  int  erst  ratified  with  l>eds  of  black  Hlate*. 
(PL  VIl,  .1.)    This  age  determination  is  based  on  their  structural 
relations  to  the  older  and  younger  rocks  and  on  the  fact  that  tha 
upper  Carboniferous  strata  at  Taku  Harbor  underlie  the  greens^ton^ 
with  apparent  conformity.     These  beds  in  the  Juneau  district  ai 
described    at   length   by    Spencer   as   the   ''  slate-greenstone    bandJ 
These  strata  trend  in  many  places  parallel  to  tiie  older  limestonefi 
and  schists  and  have  been  subjected  to  the  same  dynamic  forcei?  tha 
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'  (Uh)\.  Nat.  Hist.  Siirv«'.v  Canndn,  1K70  Sn,  |t|i,   l    1T7  H. 
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produced  the  northwest-southeast  system  of  folds.  The  beds  are  in 
many  places  steeply  tilted  either  to  the  southwest  or  to  the  north- 
east, although  local  variations  in  strike  and  dip  are  common.  The 
total  thickness  of  these  strata  has  been  estimated  to  be  over  4,000 
feet.  They  occur  principally  along  the  outer  border  of  the  mainland 
belt,  but  they  also  form  a  smaller  beh  along  the  seaward  shores  of 
Chichagof  and  Baranof  islands  and  on  the  west  coast  of  Prince  of 
Wales  Island. 

As  a  whole  the  greenstone  members  of  this  slate-greenstone  for- 
mation predominate  over  the  slate  or  the  sedimentary  beds,  but  the 
relative  proportion  varies  from  place  to  place.  The  variation  is  at- 
tributed to  the  inequality  in  distribution  of  the  lava  flows  and  tuffs. 
In  the  beds  themselves  the  igneous  and  sedimentary  material  is  inti- 
mately associated  in  varying  amounts  and  grades  from  altered  andes- 
itic  lavas  and  tuffs  to  purely  sedimentary  beds  (PL  VII,  ^1). 

In  the  Ketchikan  and  Wrangell  districts  the  slatas  and  greenstones 
can  be  ttaced  from  Dixon  Entrance  to  Cape  Fanshaw,  including 
Duncan  Canal,  Cleveland  Peninsula,  and  Gravina  Island.  They  as 
well  as  the  crystalline  schists  to  the  northeast  are  important  mineral- 
bearing  formations. 

Limestone  and  conglomerate  beds  of  a  Carboniferous  horizon  still 
higher  than  that  at  Saginaw  Bay  or  Taku  Harbor  occur  at  Pybus  Bay 
on  Admiralty  Island  and  have  been  recently  reported  from  Hamilton 
Bay  on  Kupreanof  Island."  The  relation  of  these  beds  to  the  slates 
and  greenstones  above  mentioneil  is  not  known,  but  in  the  strati- 
graphic  column  on  pages  34,  35  they  have  been  provisionally  placed 
al)ove  the  slates. 

MESOZOIC   STRATA.      • 

The  formations  in  the  Ketchikan  and  Wrangell  districts  that  have 
been  referred  to  the  Mesozoic  era  have  no  fossils,  and  their  classifica- 
tion is  therefore  based  entirely  on  structural  and  petrographic  evi- 
dence. The  only  Mesozoic  fossil  found  was  in  a  loose  fragment  of 
limestone  picked  up  at  the  head  of  Hamilton  Bay.  It  was  identified 
by  T.  W.  Stanton  as  PseudonionotiH  .^iihcirrularifi  (Gabb),  which  is 
characteristic  of  a  horizon  near  the  top  of  the  upper  Triassic.  No 
similar  rock  was  seen  in  place  and  the  source  of  the  specimen  is  un- 
known, but  it  probably  represents  Triassic  beds  in  southeastern  Alaska 
and  thus  shows  that  deep-sea  conditions  existed  along  the  coast  at  that 
period. 

So  far  as  known,  the  Coast  Range  intrusives,  which  occupy  about 
half  the  land  area  of  southeastern  Alaska,  invaded  the  Ix^dded  forma- 


•Mr.  W.  W.  Atwood  visited  this  locality  in  May,   1907,  and  reported  the  Hamilton 
Bay  occurrence. 
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tions  during  the  early  part  of  the  Mefl(»znie  era. 

are  discussiMl  under  the  heading  ^^  Igneous  r(jr)cs.*^j^^_| 

C)n  the  southern  end  of  Prince  of  Walus  If^lL._ iiceessioii  of 

andesitic  flows,  conglomerates,  and  tuffs,  wliich  grade  into  a  seriea*  ai 
graywackes  or  indurated  sandstones.    These  luivo  Ihilhi  coiiKideri*d 


Mesozoic  because  of  their  structural  and  jx^tn^^rapluc  ivlatioiLH  it>  iim 
ohler  rocks.  In  this  complex,  basaltic  aiul  undp^iitie  Howt?  an^  iiitt?r-i 
calated  with  the  tuffaceous  beds,  and  bi^tli  flows  uml  inffn  ahernatf 
with  the  seilimentary  slates,  graywackec^.  and  tou^iojuenites^.  Thty^ 
are  readily  distinguished  from  the  g^eenHt^uH^s  by  tiie  wide  difft^t^iMieefl 
in  composition  and' texture  of  the  internl rati  tied  heh  tinr]  by  their  ^ 
predominant  reddish  color.  A  fine,  con^pad^  ^reeii  tult  U  usual ly^J 
overhiin  by  an  andesitic  lava  with  numerous  hir^e  phenoeryst^.  whieh^| 
in  turn  is  overlain  by  a  basaltic  lava  or  a  led  liu  ii  t'uiiglunK*nUu*  Tho  ^ 
greenstcme  beds,  on  the  other  hand,  vaiy  littJi?  hi  ciuiipaKitiun  and, 
where  massive,  augite  crystals  form  the  phenotTy*^t*i, 

On  the  south  end  of  Prince  of  Wales  Isliiml  thi*  utuli'sitie  flows  anc 
conglomerates  overlie  at  several  points  the  erutlj^l  surface^^  uf  ^^m* 
nitic  intrusive  masses,  and  numerous  diken  of  the  anda^^tte  intnul^ 
these  ohUu*  granites.     Pebbles  and  fragments  rv  nius^^es  of  tUt*  grainte| 
were  observed  in  the  tutfaceous  conglomciati^s,  showing  clearly  thai 
the  andesites  are  younger  than  these  musHes  of  granitic  rock.     Tlifl 
granites  at  this  point  were  more  altered  nnti  centUiined  more  shear- 
ing planes  than  are  usual  in  the  Coast  Range  inrnisives,  ami  tliev  mnf\ 
represent  a  batholith  intnided  before  or  during  tlie  eailit*HL  stagt^  of 
the  period  of  the  Coast  Range  granitic  i invasion.     Tlu*  grny\va<*ke.f 
ovei'lying  the  andesites  are  compact  and  infhirnted,  but  do  not  sluiwj 
a  schistose  development  (see  PI.  VII,  B)  ;  the  numenais  slale  frag* 
nients  i)roniinent   in  the  rocks  of  the  Silkn  series  to  the  iiodh  at 
absent,  and  beds  of  slate  are  less  commorL     l^ebbles  tvf  gniuciditvril**," 
(piartz,  andesite,  and  graywacke  are  i)lentiful  in  the  conglomerates. 
Tliese  beds,  as  a   whole,  tliough  tilted  at  stet*p  angles  and  folded, 
have  not  suffered  tlie  intricate  folding  and  inetamorphism  shown  in 
the  older  r(K*k  beds  including  the  Sitka  series.     No  fossil  evidence 
was  found  in  these  beds,  but  from  the  above  facts  it  is  reasonable  to 
sui)i)()se  that  they  occupy  a  position  in  the  stratigra])hic  column  be- 
tween Triassic  and  upper  Cretaceous. 

To  the  north,  on  Admiralty  Island,"  in  Pybus  Bay,  slaty  limestone 
and  conglomerate  beds,  containing  the  fossil  forms  .1  urelln  crassicoUis 
and  AiKclhi  pioc/iiu  overlie  the  upper  Carboniferous  beds  uncon- 
foiinably.  These  lower  Cretaceous  strata  may  represent  the  same 
hoii/on  as  the  graywacke  conglomerate  beds  mentioned  above,  though 
in  tlie  lattei"  no  fossils  were  found. 


«  Hull.  IT.  S.  (Jpol.  Survey  No.  287,   190«,  p.   144. 
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TERTIARY  STRATA. 


The  Tei^tiary  beds,  as  shown  in  previous  reports,"  are  widely  dis- 
tributed along  the  North  Pacific  coast,  though  their  total  thickness 
is  comparatively  small.  In  the  Wrangell  district  they  are  locally 
developed  at  Hamilton  Bay  on  Kupreanof  Island.  On  Prince  of 
Wales  Island  they  occupy  but  a  small  local  area  at  Coal  Bay,  a 
southern  arm  of  Kasaan  Bay. 

The  Tertiary  beds  comprise  an  assemblage  of  conglomerates,  sand- 
stones, and  lignitic  coal  seams,  together  with  volcanic  lava  flows 
overlying  and  interstratified  with  the  sediments. 

The  occurrence  of  the  beds  at  low  elevations,  surrounded  in  places 
by  mountains  of  Paleozoic  rocks,  indicates  that  the  Tertiary  sedi- 
ments were  deposited  in  lakes  or  shallow  embayments  alternating 
with  swampy  land,  on  which  the  vegetation  of  the  coal  beds  accumu- 
lated. Erosion  and  movement  of  the  older  rock  beds  probably  caused 
the  local  basin-like  depressions.  •  The  beds  are  still  soft,  friable,  and 
unmetamorphosed,  though  they  are  in  many  places  fractured  and 
tilted  to  some  extent.  However,  the  deformation  of  the  original  hori- 
zonal  structure  is  slight  when  compared  with  that  of  the  underlying 
strata.  The  conglomerates  of  the  Tertiary  consist  essentially  of  slate 
fragments  with  pebbles  of  granite,  greenstone,  and  limestone,  many  of 
them  measuring  several  inches  in  diameter.  These  alternate  with  beds 
of  sandstone  aaid  shale  and  with  them  have  a  general  southerly  dip 
of  from  5°  to  10°  and  an  easterly  strike.  Sandstone  is  the  predomi- 
nant rock  of  the  Tertiary.  It  contains  less  quartz  than  usual  and  a 
large  amount  of  rock  fragments,  such  as  slate  and  limestone,  rather 
than  of  mineral  fragments.  The  beds  are  gray  to  brownish  and 
loosely  consolidated,  many  of  them  showing  cross-bedding.  The 
shale  beds  contain  a  high  percentage  of  clay  and  bituminous  matter, 
and  in  them  are  numerous  fossil  plant  leaves. 

Coal  occurs  in  l>eds  8  inches  to  3  feet  thick,  interstratified  with 
seams  of  carbonaceous  shale  and  sandstone.  It  varies  from  a  black 
lignite  to  a  bituminous  coal,  but  nowhere  in  southeastern  Alaska  has 
it  been  found  in  conunercial  quantities. 

The  gray  shales  of  this  sandstone  series  contain  an  abundant  flora, 
which  F.  H.  Knowlton  considers  as  ])robably  of  Kenai  age  (upper 
Eocene).  A  collecti(m  from  Hamilton  Bay  was  submitted  to  him  and 
the  following  species  were  identified  : 

•DaU,  W.  H.,  Coal  and  Wgnito  of  Alaska:  Sovontoonth  Ann.  Ropt.  T^  S.  (iool.  Survoy, 
pt.  1,  1896;  Brooks,  A,  II.,  (^oal  resources  of  Alaska:  Twenty-second  Ann.  Kept.  TT.  S. 
Geol.  Survey,  pt.  3,  1902. 
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Fottsil  /ilanltf  from  IlamiUon  Bay,  Alaska, 

ScKjuola  lant^sdorfil  (Hrj;t.)  lleor.  Querciw  sp.  iiov. 

S<H|U()ia  nonUMiskioldi?  Ileer.  I^iirua  sp. 

Taxodiuin  disticlium  ini<K'oiiuni  IIe<»r.  PopuUis  sp. 

Jiijjhms  nijrollji  Ilcnn'.  Almis  sp. 

riimis  sp.  (^istallaV  sp.   nov. 

A  succession  of  basaltic  lava  flows,  in  which  columnar  jointing  is 
a  well-developed  and  characteristic  feature,  overlies  the  coal-bearing 
strata,  and  occupies  extensive  areas  on  the  northeast  end  of  Kuiu 
Island  and  the  entire  southern  shore  of  Kupreanof  Island.  These 
lava  beds,  with  occasional  strata  of  conglomerate,  sandstone,  and 
tuff,  have  a  total  thickness  estimated  at  2,000  feet.  In  the  lower 
])ortions  of  the  series  exposed  along  the  shores  of  Port  Cam- 
den on  Kuiu  Island  narrow  seams  of  impure  coal  were  observed, 
and  fossil  j)lant  leaves  were  collected  from  the  interstratified  sand- 
stone beds.  Beds  of  coarse*  conglomerate  with  pebbles  mostly  of  vol- 
canic material  also  occur,  grading  into  the  sandstone  beds.  Stnictllr- 
ally  these  beds  are  inclined  only  a  few  degrees  from  the  horizoirtal 
and  have  suffered  little  or  no  defonnation  since  their  deposition.    ■-'• 

A  collection  of  plant  remains  from  fine-grained  gray  argillaccHirts 
sandstone,  interstratified  with  the  lava  conglomerates,  was  made*^t 
a  ])<)int  east  of  Port  Camden,  3  miles  south  of  the  entrance.  Knowl- 
ton  states  in  his  report  on  this  flora  that  the  material  was  ample  and 
very  finely  i)reserved  and  determines  the  age  as  Kenai.  The  plants 
identified  are: 

/•'oxv/7  plants  from  l*(trt  (Uimdvn,  Alaska, 

S<M|n(M.i  laiiirsdortli  (Hr^'t.)  Ilivr.  I^istra'a  stiriacn   (riijrer)  Heer. 

T:ix<Mrmin  (listiclniin  inioconuin  IhMT.       Corylns  ina('<piarrn   (Forbos)  Heer. 
Tjixodiiiin  (►Iriki  lIctM*.  .Tnjrlans  ni^t'Ua  II<H*r. 

The  ;il)()vc  deterniinntions  and  the  stratigraphy  indicate  that  the 
be<ls  at  Hamilton  Hay  and  at  Poi't  Camden  repivsent  about  the  same 
horizon. 

T]\v  Tertiary  \hh\^  observed  ;i(  Coal  Hay  on  the  east  side  of  Prince 
of  AA'ale>  I>laii<l  are  wry  limited  in  extent  and  ai)|)arently  occui)y  »^ 
local  i)asin  formed  in  the  nndei'Iyinii'  Paleozoic  i-ocks. 

An  e\i)o>iire  of  thcM'  beds  one-third  of  a  mile  up  the  creek  at  the 
head  of  Coal  r)ay  showed  the  following  section: 

Srctitfti  of  'I'rrtinrif  bids  (if  ('(nil  lid  if,  Mdskd. 

Ft.  in. 

Cnnrsf.  iri'.'iy  t<»  hi'ownisli  sMiulsloue     _  .      .._..._    4  0 

P.hir.  liiM'-iri'.MiiuMl  s;in(lst(»iu»                 _ .5  0 

The  strike  of  these  \>vi\<  was  X.  (U)  W..  and  the  dij)  ir>°  NE.  The 
coal   i^  a   l)i-owni>h-l>la('k   li<rnite  of  light   weight  and  contains  occa- 
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sional  grains  of  amber.  It  is  said  to  burn  poorly,  leaving  much  ash. 
Two  shafts,  one  20  and  one  40  feet  deep,  have  been  sunk  at  this  local- 
ity without  satisfactory  result. 

Pliocene  beds  like  those  which  occur  along  this  coastal  belt  farther 
northwest,  at  Lituya  Bay,  and  gravel  beds  containing  marine  shells, 
which  are  present  at  points  in  the  Juneau  district,  have  not  been 
observed  in  the  Ketchikan  or  Wrangell  districts. 

The  most  recent  rocks  are  the  basaltic  lava  flows  along  the  main- 
land and  on  Revillagigedo  Island,  in  the  Ketchikan  district.  These 
are  described  in  the  following  pages  under  **  Igneous  rocks." 

IGNEOUS  ROCKS. 

'Ske  igneous  rocks  include  (1)  the  intrusive  masses,  as  the  granitic 
batlll^liths,  gabbros,  and  peridotites  which  invade  the  sedimentary 
ro<]|ft  beds,  (2)  the  extrusives,  or  those  which  represent  surface  lava 
floiPB  during  the  different  geologic  periods,  as  the  greenstones,  ande- 
sites,  and  basalts.  The  most  abundant  and  important  of  the  igneous 
rocks  are  the  Coast  Range  granitic  intrusives,  which  occupy  about 
one-half  of  the  aggregate  land  area  of  these  two  districts. 

COAST  RANGE  INTRUSIVES. 
GENERAL   DESCRIPTION. 

The  Coast  Range  massif,  as  it  has  been  defined  by  Dawson,  is  not 
of  the  same  composition  throughout  but  is  composed  of  different 
kinds  of  igneous  rocks  ranging  from  gi^anite  to  diorite  and  even 
gabbro;'  quartz-hornblende  diorite  or  tonalite  being  the  predomi- 
nating type.  The  most  noteworthy  feature  of  the  entire  Coast  Range 
mass  of  intrusives  is  their  general  uniformity  in  texture  and  thcrir 
continuity.  The  variations  across  the  range  are  apparently  not  so 
gradual  as  those  along  its  trend.  The  Coast  Range  massif  consists 
of  many  separate  interlocking  batholiths,  or  batholiths  within  bath- 
oliths,  intruded  at  successive  epochs  but  during  the  same  general 
period  of  irruption.  In  the  southern  part  of  Alaska,  especially  in 
the  Unuk  River,  Stikine  River,  and  Portland  Canal  sections,  the 
contacts  between  the  different  batholiths  are  less  sharp  than  in  the 
northern  Skagway  cross  section.  The  geologic  evidence  indicates 
that  the  granite  in  the  southern  region  was  intruded  into  more 
deeply  buried  rocks  than  that  in  the  northern  region,  and  this  fact 
may  acount  in  part  for  the  difference  in  contacts.  It  is  probable 
that  under  such  very  deep-seated  conditions,  owing  to  the  general 
^  similarity  in  composition  between  the  masses,  local  gradations  would 
take  place  at  the  contacts  and  ol)lit(»rate  the  sharp  lines  of  demarca- 
tion which  would  result  if  the  superheated  intrusive  masses  were 
nearer  the  surface  and  in  c(mtact  with  cooler  surrounding  rock 
masses. 
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In  this  i)ortion  of  the  Alaskan  Coast  Range  rap  datioiis  frcmi 

one  type  to  another  occur  and  indicate  in  many       ^       nsion  within 
intrusion  besides  variation  due  to  differentiation  asBunilmtion. 

Naturally  it  is  not  probable  that  intrusion  was  or  ooold  be  acoom- 
plished  over  such  a  wide  area  at  one  time  and  by  one  huge  tffagmit 
For  the  gradual  relief  of  strains  and  stresses  due  to  the  tnnafer  of 
so  much  material  and  also  for  the  action  of  a  viscous  mima.  the  lapse 
of  considerable  time  must  be  assumed.    Furthermore,  all  oonoeptions 
of  the  mechanics  of  mountain  building  involve  the  ocmflideniftion  of 
a  complicated  system  of  forces,  which  require  nice  adjofltment  to  be 
brought  into  equilibrium;  local  differential  forces  of  oomprasBipa  or 
tension  must  be  relieved  by  changes  in  relative  position,  white  the 
larger  orogenic  tangential  or  radial  forces  must  alno  ihnl  cveiituui 
expression  and  relief  in  mass  transfer,  as  by  batholilhic  iiitriiHiniM 
and  orogenic  uplift.    We  have,  then,  to  deal  with  a  d}  imiiiic  system 
tending  toward  static  equilibrium,  and  therefore  the  lime  t*1i*THi'rit 
involved  in  our  general  conceptions  of  the  mechanics  f>f  I  he  prubleia 

Several  interesting  facts  were  observed  in  the  fiel*!  wh'wh  huve 
bearing  on  the  general  problem  of  the  explanation  of  the  (\>tisl  Itnii^e" 
intrusion.  Jointing  planes  and  sheeted  zones  are  ofti*i>  well  ttiarluHl 
in  the  granodiorite,  and  trend  northwest  with  steep  n(jrtlK*iiskTly 
dips.  In  the  southern  part  of  southeastern  Alaska «  [larticuhirlj 
along  the  shores  of  Behm  Canal,  pegmatite  and  aplile  dlkt^s  form  ax 
intricate  network  and  mesh  of  white  strands  along  tht*  cniier  portioni 
of  the  granodiorite  massifs  and  in  the  adjacent  sdii^stK,  l>ut  m  tlie 
central  parts  of  the  batholiths  they  are  practically  al>Hent,  8everaL^ 
systems  of  such  dikes  were  observed  ;•  the  oldest  set  (K^ciirs  uh  thiiijfl 
narrow  bands  following  master  joint  planes  and  standing  jutiitts^iJoB 
above  the  surface  of  the  more  easily  weathered  granite;  a  seeoad  aei 
is  wider  and  usually  perpendicular  to  the  first;  while  a  third. and 
still  later  set,  which  is  distinctly  irregular,  apparently  fills  the  largest 
fractiiie  cracks.  This  condition  suggests  that  during  the  last  period 
of  ina«rniatic  activity  the  rock  masses  underwent  considerable  move- 
ment and  liactnring  and  were  brought  nearer  the  surface.  That  still 
later  diffciHMitial  movement  has  taken  place  is  evident  from  the  minor 
fanltin«»:  of  the  pegmatite  dikes  themselves.  At  a  distance  this 
schist  c()m|)lex  with  its  innumerable  j)egmatitic  dikes,  resembles  a 
hreccia,  the  white  pegmatites  acting  as  interstitial  cement  for  the 
dark  angular  fragments  and  blocks  of  schist. 

Th(»  sedimentary  rocks  flanking  the  Coast  Range  batholiths  in 
this  region  are  folded  closely  near  the  contact  and  more  openly  at 
a  distance,  so  that,  though  their  general  trend  is  parallel  to  the 
range,  their  dip  is  extremely  variable,  ranging  from  northeasterly  . 
to  southwesterly  at  all  angles.  Such  dips,  however,  do  not  exist 
throughout  southeastern  Alaska,  for  northward  from  Behm  Canal) 
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ill  the  Wraiigell  and  Juneau  districts,  the  strike  and  dip  become  more 
and  more  constant,  the  schists  are  more  typically  developed,  miner- 
alization along  certain  bands  is  more  pronounced  and  sharp,  and 
closed  and  overturned  folds  appear  to  be  the  rule.  The  prevailing 
dip  is  steeply  northenst  into  the  mountains,  and  the  strike  is  parallel 
to  the  range.  The  economic  bearing  which  this  change  in  structure 
has  had  on  the  formation  of  ore  bodies  is  interes-ting  and  is  discussed 
on  page  77. 

Petrographically  the  field  term  granite,  which  is  generally  used 
to  designate  the  Coast  Range  intrusives,  applies  to  only  a  small  part 
of  the  rocks.  The  prevalent  type  is  less  siliceous  and  ranges  in  com- 
position from  granodiorite  to  diorite  and  gabbro,  with  hornblende 
and  biotite  as  colored  constituents  and  titanite  as  a  frequent  visible 
accessory  component.  As  a  general  rule  hornblende  appears  more 
abundant  near  the  coast,  while  biotite  predominates  near  the  inland 
border  of  the  Coast  Range  batholiths.  Near  the  coast  also  the 
granite  is  usually  more  gneissoid  in  aspect,  especially  along  Behm 
Canal,  and  contains  abundant  inclusions  of  the  intruded  schist  near 
its  contact.  These  inclusions  become  more  and  more  coarsely  crystal- 
line away  from  the  contact,  until  finally  they  resemble  basic  or  acidic 
differentiation  products  and  are  gradually  lost  sight  of.  A  charac- 
teristic feature  in  this  region  is  that  while  aplitic  and  particularly 
pegmatitic  dikes  are  extremely  abundant  near  the  western  contact  of 
the  granite  and  form  an  intricate  network  in  the  adjoining  schist 
areas,  they  are  rare  and  practically  absent  in  the  central  parts  of  the 
range.  On  its  eastern  flanks  numerous  salic  dikes  occur,  but  they  are 
far  less  abundant  than  on  the  coastal  side.  The  absence  of  minette 
and  similar  basic  differentiation  dike  products  is  noteworthy  and 
may  be  due  to  the  fact  that  the  dikes  are  pegmatitic  rather  than 
aplitic  and,  therefore,  are  not,  strictly  speaking,  nuigmatic  difleren- 
tiation  products  in  the  usual  definition  of  the  word. 

The  importance  of  the  pegmatites  becomes  apparent  when  the  mode 
of  formation  from  a  solution  emanating  from  the  intrusive  mass  is 
considered.  They  represcMit  only  a  small  part  of  the  work  accom- 
plished by  the  iMieumatolytic  solutions  of  the  granite  and  are  convinc- 
ing evidence  of  the  great  volinne  of  pneumatolytic  solutions  which 
accompanied  the  batholithic  invasions.  The  intimate  connection  of 
the  ore  Ixxiies  in  southeastern  Alaska  with  the  intrusive  mass(»s  has 
been  proved  directly  in  several  places  and  is  inferred  in  a  number 
of  the  remaining  deposits. 

AVKRAGK    COMPOSITION    OK    TIIK    (OAST    KAN(;K    IJATIIOLITHS. 

Although  the  composition  of  the  Coast  Range  granodiorites  varies 
considerably  from  point  to  point,  it  is  desirable  to  ascertain  the  ap- 
proximate average  composition  of  the  entire  mass.     To  this  end 
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si'ven  typical  spocinieiis  were  s(»Iedecl  from  ditfereiit  parts  of  tlie 
ran^re.  These  specimens  were  chosi^ii  witli  sixjcial  regard  to  their 
ahuiidaiice  and  general  distribution  throughout  the  ai^ea,  abnormal 
and  rare  types  Iwing  disregarded  altogether.  Each  of  these  speci- 
mens was  studied  in  detail  under  the  microscoiM5,  and  a  careful  esti- 
mate of  the  relative  quantity  of  each  mineral  in  the  rock  was  made 
from  the  tiiin  sections  by  the  Kosiwal  method.  Although  the  values 
thus  obtained  are  necessarily  only  first  approximations,  they  repi'e- 
sent  roughly  the  general  mineral  content  of  the  Coast  Kange  gi*ano- 
(liorite. 

The  following  average  mineral  composition  was  thus  obtained: 

Anrayv  minvml  coin tkosit inn  of  tUr  Couxt  liamfv  ifttnittirr, 

Quartz _-   1U.4 

Ortlioclnse 0.0 

Aiuh'siiic    ( AI>3«.Vnti).  _. .    _.    _...._  ... 47.-4 

IIonibkMulo ._.     _.. 7.0 

KiotUo 11.0 

Apatite .0 

M;i;:nrtitr .1) 

VyviW  _      .1 

Titjiiiitc      .. 1,3 

Epi«l(>t«'     .    . ._  .XD 

Chlorito .1 

Calcito            -- .1 

Kaolin  niul   iimscovito .8 


100.0 


The  average  s])ecific  gravity,  2.77,  was  determined  by  weighing  the 
haiKJ  ^|)ecinieiis  in  air  and  then  in  water. 

From  these  data  the  average  chemical  composition  was  calculated 
by  assuming  for  the  h()rn])leii(le  and  biotite  the  compositions  of  like 

miiieral<  from  a  similar  rock  from  lUitte,  Mont. 

Aitid'/t  rluiinrtil  roiiiposillDn,  iini'm.  dn'/  rlnxsliicdlinn.  of  the  Codst  Ramjc  intrusive 
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rv\\\.         l;irr:itio. 


SKI.  1.1.(1  1.017       ()      ...H,.  I  \  1(1.  I  1 

lie.  I.(t  .M|;{       or..      l.i.;VJ| 


(^^.  IJ 


\1  •»  17.:.  .  171    ,     .\1. 

i  .■.()  l.t.  .did  An.    ..-'.■.  0.  I 

IV.,..  ,'  7  .diis  |)i....   .l.sii 

M(,«).  .  .                 .1  .001  Hv..    .   :..  7A|'  ••"' 

Mtr<>  -•.  1  .1x^1  Mt   ...  J.  :VJ|    .  .,„li:, 

(.(<•.  (..'..  i_';!  11 i.',»7|'  ■'•-  I 

N;i  ()  ;i. ;;  .().".;5  .V}. (i7     .(i7j 

K,o    ....  J. .{  .ojl 

II  n  .'.'  .()."■<» 

I'v'>,..  .:■«  .'HI-' 


Sii 

1. 

CIms.^. 

-  i.  TS 

V'"'-  1 

( )r(icr 

K 

1.  22 

■<>'+^»'**'    «  o.. 

Ivtin^ 

KjO' 

SulTii 

1 

"K', 

.nI^)"»« 

IGNEOUB  ROCKS, 


65 


This  diemiral  mid  niinenil  rnnipositioii  places  llio  rtx'k  ifi  the 
fimiily  of  the  quartz  diorites,  of  the  type  tonalite  iRtunlin^  lu  the 
usual  ekssifimtion.  In  the  new  ciiiantitative  ckssifieatkm  of  Crosjs. 
liklingK,  PirsHon,  ami  WaHhin^on  t!ie  rock  is  (lo>5Hlie,  ilosHlone  quar- 
*lnfeli<^  alkalicMleit^  iiiitl  cIo^^kHc,  and  kdongs  in  Class  11^  order  4 
(iiustnire),  ran^  3  (tonahist?),  and  .suhnuig  4  (totialase).  In  suhort, 
it  ii^  tonalose  of  the  ordinary  tyiw. 

The  Jimount  of  titanite  is  iiniisurd  and  is  ehararteristic  of  many  of 
the  Coast  Kange  hitrusives,  Tlie  hif^hly  histrouis,  well-shaped  crys- 
tals of  this  mineral  glisten  in  tlie  siinlifrht  and  attract  the  attention 
of  the  most  casual  observer.  The  hornblende  occurs  usually  in  dark 
prismatic  crystnls,  nc^liceable  for  the  excellent  prismatic  cleavage  and 
the  lack  of  terminal  faces.  Many  biotite  flakes  ai-e  hexagonal  and 
i?eep  brown  in  ti'ansmitted  light.  A  few  apatite  crystals  am  visible 
to  the  unaided  eye,  but  this  ndneral  occurs  generally  in  tine  hexagonal 
cryslals  nf  microst^opic  dimension.s*  Pale  green  vein  let  8  of  secondary 
cpidote,  which  follow  fracture  planers  in  the  granodiorite,  ai^  not 
rare* 

Tliese  evep-giained  rocks  usually  have  the  normuh  sharply  detined, 
granitoid  texture.  Ibiwever,  gradations  to  holoc^rystallinc  pf»rphy- 
ritic  phases,  due  to  the  superior  deveh>pment  of  the  feklspars,  occur. 
Gneissic  structure  is  common  near  the  western  margin  of  the  (^oast 
Range  l>elt*  In  some  places  the  development  of  gneissic  structure  in 
the  granite  has  been  so  far  advanced  and  the  recrystallization  of 
the  neighboring  invaded  sediments  to  gneiss  has  been  so  thorough, 
tliat  it  is  ditKcult  to  define  the  precise  limits  of  the  original  intrusive 
graiiite. 

CONTACT  MtrrAMOBrntsM. 

That  the  inunense  (.*oast  Kange  bathoHths  are  not  mirrounded  by 
evident  (H>ntact  nurcnli^s  tjf  similar  pi'o|)urtioji.4  has  been  frequently 
noted.  Contact  minerals  have  been  observed  oidy  rarely  and  are  of 
local  sign  i  flea  uce. 

In  met^iniorphic  alteration  thoi^  changes  in  mineral  combimition^ 
take  phu'e  winch  tend  to  produce  under  the  given  ronditions  more 
«ititble  equilibrium  throughout  the  system.  It  is  probable  that  at 
many  points  along  the  western  flanks  of  the  batholiths  the  schists 
now  visible  were  so  deeply  buried  at  the  time  of  intrusion  that  the 
invading  granite  did  not  alter  them  m  materially  as  to  produce  wide 
contact  change,  >^trata  nearer  the  surface  at  the  time  of  intrusion 
should  show  more  pronounced  alteration  from  the  magniatic  solutions 
and  the  heat*  Although  the  strata  directly  above  the  massifs  hiive 
long  since  been  removed  by  erosion,  an  observer  approaching  the  ctin- 
tficts  from  the  southwest  finds  that  distinct  changi*?  in  the  setli* 
mentary  rocks  are  generally  noticeable,  especially  in  the  southern 
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portion  of  southeastern  Alaska.  The  prevailing  argillites  become 
more  visibly  crystalline,  and  at  many  points,  especially  in  the  Wran- 
gell  district,  new  minerals,  andalusite  and  staurolite,  occur.  From 
the  coast  of  Behm  Canal  to  the  western  contact  of  the  Coast  Range 
massif  the  invaded  sedimentary  rocks  change*  from  slates  and  argil- 
lites to  phyllites  and  mica  schists  and  in  some  places  near  the  con- 
tact to  ^Lrneiss.  The  many  types  of  hornfels  are  rare,  and  spotted 
schists  do  not  form  an  integral  ])art  of  the  complex.  The  strata  are 
intensely  folded  and  were  undoubtedly  deeply  buried  at  the  time  of 
the  granite  invasion.  Deep-seated  metamorphic  forces  were  already 
active  and  had  undoubtedly  heated  and  altered  the  rocks  to  such  an 
extent  that  the  granitic  intrusion  did  not  disturb  their  equilibrium 
greatly;  its  chief  effect  being  to  accentuate  the  processes  of  crystalli- 
zation already  in  force  and  to  increase  their  power  rather  than  to 
noplace  them  by  others.  At  the  contact  itself,  the  granite  frequently 
contains  inclusions  of  the  schist,  which  have  usually  become  more 
coarsely  crystalline,  though  their  original  outline  is  still  well  pre- 
served. This  coastal  stri])  ex]iosed  along  Behm  Canal,  whose  contact 
with  the  granite  can  be  traced  only  with  difficulty,  offers,  therefore, 
an  excellent  (»xample  of  the  metamorphic  changes  produced  by 
deeply  buried  granite. 

It  is  significant  that  in  these  deep-seated  schists  and  gneisses  near 
th(»  granite  contact  no  ore  bodies  of  consequence  have  been  found, 
while  rocks  farth(»r  away  from  the  granite  and  nearer  the  surface 
during  its  invasion  in  many  localities  show  traces  of  contact  meta- 
niori)liisni,  as  in  spotted  schists,  and  contain  valuable  metalliferous 
deposits.  The  folded  character  and  lack  of  uniform  structure  in  the 
strata  near  the  granite*  contact  may  accoinit  in  part  for  the  absence 
of  conunci'cial  ore  deposits,  since  they  offer  no  lines  along  which  con- 
centration could  easily  take  place  as  in  the  isoclinal  schists  of  the 
rJiineaii  distriet  farther  north.  Within  the  granite  area  itself  are 
occjisional  l)eit>  of  inclu<le(l  sedimentary  rocks  in  a  highly  meta- 
niorpho-ecl  ('<)n<liti<)n.  Tliev  \'ary  fi-oni  argillites  to  mica,  horn- 
l)lende.  and  calcareour  scliist>  of  various  ty|)es,  even  marble,  and 
occur  in  lonir  hands,  intensely  fohlcul.  They  still  jireserve  in  general 
tiieii*  northwest  trend.  ])arallel  to  tlie  course  of  the  range,  and  their 
^teep  northeasterly  dij)  and  are  walled  in  by  gi-(»at  mountain  masses 
of  iiiirn>i\('  iiranite.  In  the  region  about  (ilacier  Bay  the  granite 
contain^  nnnierous  inclusion.^  of  schists  ai"rang(»(l  irregularly  and 
>howini:-  bexond  (jiiestion  thai  clea\'age  had  been  superinduced  upon 
th<Mn  before  the  oi'aniie  intrusion.  From  general  structural  re- 
l;ition>  in  the  duneaii  disti'ict  Spencer"  has  concluded  that  the 
-chi>to-i(\    and  -teep  isoclinal  dip  to  tiie  northeast  characterized  the 


Sp-ri.-.r.    \.   «  ..  I'.iill.    r.   S.  « ;.•.,!.   Surv.'\    No.   -JST.    I'.hm;.   pp.    i:',-iri. 


KiNEOUS   UiK'KS. 


67 


schists  lH?foit'  i\w  tiiitraiUT  at  tlR»  biitliolitlis  iiiul  runtrolled  at  the 
tiHJo  of  invHsioh  tho  form  of  intrusion  by  oflVring  parallel  lines  of 
locist  R^siytiuice  aloTi^  the  plinu»s  nf  sr  histosity*  So  far  as  thi'  writers' 
(•xiM*rit*nce  in  the  Juneiiu  ilistrit-t  goes,  this  (?onc'lnsion  is  Justified  by 
the  faets  and  is  fnrthcr  strengthened  by  the  expcjtiures  in  Glacier 
Buy. 

The  included  Rt*hist  l>elts  within  the  CoavSt  Range  are  usually  not 
wide,  and  more  apijear  near  the  niountaiu  tojis  than  at  sea  level.  They 
can  1r*  traced  up  the  exposed  elitfs  and  bare  iiionntain  sides  for  4,tX)0 
to  ri,0(Mj  feet.  They  are  usually  intensely'  niiuenilizpc]  with  sulphides, 
e^j>eciany  pyrite,  and  near  the  mountain  crestj^  show  abundant  evi- 
dence of  contact  metamorphism,  fonnation  of  garnetiferons  rocks, 
etc.  These  roof  pendiints,  as  R.  A<  Daly"  has  aptly  Tuuued  tlieni. 
M^ere  directly  above  the  intrusive  mass  and  were  evidently  in  the  most 
fa\  tumble  position  to  lie  affected  by  nuigmatic  wal(*rs  and  heat  escap- 
ing from  the  intrusives,  so  that  they  now  are  the  uiost  heavily  miner' 
alizcd  bodies. 

The  character  of  the  invaded  sedinicntaries  east  of  the  inland  bor- 
der of  the  granite  is  noticeably  diti'ercnt.  The  shites  and  sundstmics 
are  loss  ahertnl  and  typical  schists  and  sandstones  Are  rare.  Fcdding 
and  particularly  faulting  are  common  and  characteristic  of  the  entire 
complex  (PL  VIll,  J),  The  granite  eonta<*t  line  is  slnirf)  and  frr- 
qnently  traverses  the  Ijcdding  planes  of  the  intruded  strata.  Although 
its  general  trend  is  parallel  to  the  Coast  Range,  the  nctual  line  of  con- 
tact exposed  in  the  Unuk  River  s^'ction  unduhites  locally  and  cross- 
cnts  the  Btrata  at  variable  angles.  The  intruded  rocks  are  often 
iTidurated  and  heavily  niinendi^.ed  witlj  sulphides  near  the  contact 
aiul  shfnv  evidence  of  metamorphism  by  the  intrusi%'es* 

By  comparing  the  inetamorpliic  etfects  of  the  intrusive  granite 
iilong  its  western  uud  eastern  flunks  in  the  latitude  of  the  Ket(*lnkan 
ilistriet  decided  diffi^reuces  are  apparent*  On  the  coiistal  side  the 
metamorphism  near  (he  contact  is  usually  of  the  deep-seated  tyjic!; 
gneisses  and  schisis  predomluate  niul  are  cut  by  iniiuiuerable  pegma- 
tite dikes  raiTiifying  from  the  granite,  Miueralixation  by  sulphides 
J!;  not  pronounced  near  the  contact.  Farther  west,  at  some  distance 
frotu   Ihe  contact,  evidenci^s  of  contact  metamorphism   increase,  the 

gi-ee  of  mineralization  also  increases,  iuid  valuable  ore  bodies  have 

en  discovered  within  this  zone  in  the  Ketchikan  district.  Along 
Tie  eastern  liorder  of  the  graidte,  on  the  other  luincb  the  metuumrph- 
Tsm  is  of  the  contact  type,  argilbtes  an*l  slates  |>redtjminate  and  are 
often  indurated  and  heavily  impregnated  with  sulphides.  Well- 
*^*fined  ore  bodies  hsi^c  been  found  Itear  the  granite  c<uitaf*t.  The 
gt?ologic  interpretation  of  tliese  data  indicates  clearly  that  the  rock^ 
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east  of  the  massifs  were  less  deeply  buried  ut  thi^  (imc  of  IntruHio: 
than  those  on  the  coastal  side.    In  other  ww^cls,  tin*  iiilnihl  roek^  wer 
then  above  the  zone  of  deep-seated  metamcnpliism  ov  nx*k  flowago^ 
and  were,  therefore,  profoundly  affected  by  Ihi*  invatlin^  intru#*ivtj 
and  accompanying  pneumatolytic  solutions*     Fiirtlu?nn(>ri\  tlu>  uii)! 
eral-bearing  solutions  emanating  from  the  gnniitt^  rucouinen?d  iw 
conditions  of  temperature  and  pressure  on  etiU*i*iug  th**  itdjaeent  tiecii 
mentary  rocks  and  deposited,  as  supersaturati'd  Hnhitians  in  ilnAv  in 
environment,  a  portion  of  their  dissolved  conteuts,  esptvially  tl 
metallic  sulphides  and  silicates. 

Although  in  such  a  large  belt  the  phenoiiiPiia  of  i-otilnct  imnn 
morphism  are  not  so  pronounced  and  conotiiLnittHl  ii^  m  the  coutac 
aureole  of  a  small  intrusive  boss,  they  are  tMjually  as  varitnU  thniigl 
more  extensive  and  on  a  larger  scale.  It  hai-  fret ju nit ly  Uvt.n\  ttU^n'w 
that  in  a  small  contact  aureole  different  contiul  niintrrais  invur  at  \\l 
ferent  distances  from  the  intrusive  mass,  iind  that  uudt^r  fiimihi 
conditions  an  evident  relation  exists  betwetMi  a  givpii  rtnivat*!  mi 
eral  and  its  distance  from  the  invading  rock^:  ami  in  a  geucral  \va 
this  law  apparently  holds  true  for  this  easteiii  contact  sione  of  mii; 
eralized  sedimentary  rocks.  L 

DIKE  BOCKS   AND   MINBBALIS^ATtdlV, 

The  various  dike  rocks  which  accompany  lunl  intrude  the  Coa^ 
Range  batholiths  may  be  arranged  in  two  groups?,  tin*  fii^t  c  (Mitaiuinj 
the  pegmatites,  aplites,  alaskites,  granite  poi phyiius,  and  alliDd  rocks 
and  the  second  containing  the  lamprophyi't*s  of  sevcr-al  typi^  diii- 
bases,  and  other  basic  intrusives.     Although  intt^rostin^  fnmi  a  pHm-^ 
grai)liic  standpoint,  these  rocks  have  littlv  connncrcial   vahie  and|^ 
with  the  exception  of  the  pegmatites  and  aplite^s,  arc  not  of  great  iii^H 
portance  (Tl.  VIII,  /?). 

The  i)cgniatites  are  not  of  the  usual  type,  tlieir  feldspars  being 
nhnost  invariably  oligochisc  and  not  orthochise  or  microcline.  They 
are  usually  i)ure  white  and  (roarse  grained  and  do  not  contail}  acoes- 
H)rv  const itncMits  in  abundance.  In  tlie  central  parts  of  the  Coast 
Kan<.'f('  th(»  jx^gmatites  and,  in  fact,  all  dike  rocks  are  rare,  bat  aloog 
tlic  western  margin  and  adjacent  sedimentary  rocks  hardly  a  cubic 
meter  of  comitry  rock  is  visible  which  is  not  pervaded  by  them.  As 
noted  i)revi()usly,  the  pegmatites  are  not  all  of  the  same  age,  but 
have  be(Mi  formed  at  different  periods,  the  older  dikes  foUowing 
definite  jointings  and  fracture  i)lanes  in  the  country  rocks.  The  oc- 
currence of  these  innumerable  pegmatites  along  the  margin  of  the 
CoiiA  Kang(»  batholiths  is  a  significant  indication  of  the  immense 
(luantities  of  pnemnatolytic  solutions  given  off  by  the  invading  CE]^- 
tallizing  magmas.     In  the  region  of  'most  intense  development  of 
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pegmatites,  as  in  the  Behin  Canal  area,  the  amount  of  ore  deposition 
was  slight  and  no  ore  bodies  of  importance  have  been  discovered. 

Farther  away  from  the  granitic  intrusion  magmatic  solutions  given 
off  by  these  igneous  masses  encountered  conditions  more  favorable 
to  the  precipitation  of  the  metallic  sulphides  carried  in  solution  and 
deposited  them  at  such  points.  As  a  result  the  argillites  and  slates 
a  few  miles  west  of  Behm  Canal,  as  on  Cleveland  Peninsula  and 
Revillagigedo  Island,  are  very  heavily  impregnated  with  sulphides, 
especially  cubes  of  pyrite.  The  total  amount  of  sulphides  in  these 
rocks  is  enormous  and  would  be  difficult  to  explain  otherwise  than 
as  due  to  the  influence  of  the  Coast  Range  intrusives.  An  unfavor- 
able result  of  this  widespread  mineralization  has  been  to  disseminate 
the  values  over  large  areas  and  to  render  the  whole  of  little  com- 
mercial importance.  In  certain  instances,  however,  sufficiently  in- 
tense concentration  has  taken  place  within  small  areas  and  produced 
commercial  values. 

As  further  evidence  of  the  important  part  played  by  the  Coast 
Range  intrusives,  it  may  be  cited  that  the  ore  deposits  are  apparently 
all  later  than  these  intrusives;  that  occasionally  the  pegmatite  dikes 
in  this  area  pass  gradually  into  quartz  veins,  and  that  the  evidences 
of  contact  metamorphism  and  the  development  of  contact  minerals 
such  as  staurolite  and  andalusite  are  not  rare  in  the  heavily  mineral- 
ized rock  belts.  Xearer  the  Coast  Range  the  rocks  now  exposed  were 
at  the  time  of  intrusion  deeply  buried  and  therefore  extremely  hot 
and  under  considerable  pressure.  The  solutions,  escaping  from  the 
granite  and  entering  this  complex,  encountered  conditions  not  greatly 
unlike  those  within  the  crystallizing  granite  itself,  and  sulphide 
deposition  was  slight.  On  reaching  the  zone  of  less  pressure  and 
colder  rock  formations,  however,  the  ascending  solutions  met  with 
new  conditions,  favorable  to  the  precipitation  of  sulphides  and  min- 
erals closely  allied  to  those  of  ordinary  contact  metamorphism,  where 
heat  and  magmatic  solutions  are  the  prime  agents  of  metamorphism. 

OTHER  INTRI'SIVES. 

Dikes  of  diabase,  porphyrile,  and  felsite  are  common  throughout 
the  region  and  cut  all  of  the  older  rock  strata.  Some  of  these  have 
been  indicated  on  the  geologic  map.  The  importance  of  these  rocks. 
however,  is  relatively  snuill  when  compared  with  the  Coast  Range 
intrusives  and  their  accompanying  dike  rocks  wiiich  have  already 
been  discussed.  For  the  most  part  these  dikes  may  be  considered  as 
the  intrusive  forms  of  the  greenstones,  andesites,  and  basaltic  lavas. 
described  in  the  following  pages.  Diabase,  which  is  the  most  widely 
distributed  dike  rock  in  the  region,  occurs  cutting  the  ore  bodies 
in  many  places.    It  usually  has  a  fine-grained  ophitic  texture,  is  dark 
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green,  and  consists  essentially  of  altered  plagiodase  feldsiMur,  to- 
gether with  basaltic  hornblende  largely  altered  to  iiralite.  Both  mag- 
netite and  pyrite  are  generally  present  in  disseminated  grains.  The 
porphyrites,  which  may  be  regarded  as  the  dike  rocks  of  the  ande- 
sitic  lavas,  are  characterized  by  their  porphyritic  texture,  by  their 
light-green  color,  and  by  large  plagioclase  feldspar  phenocrysts  con- 
tained in  a  finely  crystalline  groundmass.  These  dikes,  though  less 
common  than  those  of  diabase,  are  also  of  more  recent  intrusion  than 
the  ore  deposits.  These  dikes  are  numerous  along  the  shore 
exposures  where  they  cut  the  Paleozoic  strata  and  the  granitic 
intrusives. 

Dikes  of  f elsite  have  been  noted  in  only  a  few  places,  principally 
on  Kasaan  Peninsula,  where  they  are  associated  with  the  copper 
deposits.  They  are  usually  brownish  and  finely  crystalline,  and  are 
composed  essentially  of  feldspar,  many  crystals  of  which  form  large 
phenocrysts.  They  were  evidently  of  later  intrusion  than  the  ewe 
deposits,  though  ore  was  contained  in  them  in  places.  Narrow  dikes 
of  basalt  were  observed  on  Kasaan  Peninsula  and  at  other  localitiee. 
They  are  usually  black,  finely  crystalline,  and  porphyritic,  and  vary 
widely  in  composition.  The  basalts  are  the  most  recent  intrusivB 
rocks. 

EXTRUSIVES. 
GREENSTONES. 

The  upper  Carboniferous  extrusives  mentioned  in  the  foregoing 
pages  are  represented  essentially  by  tuffaceous  strata  and  lava  flows, 
which  have  l)een  generally  metamorphosed  and  rendered  schistose, 
their  original  mineral  constituents  having  been  replaced  to  large  ex- 
tent by  secondary  products.  Because  of  this  alteration  the 
character  of  the  rock  has  in  most  places  been  obliterated,  but 
where  their  texture  and  mineral  content  mark  them  as  igneous  rocks. 
The  interstratification  and  the  intermingling  of  the  igneous  material 
with  the  black  slates  indicate  that  most  of  the  igneous  material,  com- 
P<)s<h1  of  tuffs  and  some  agglomerates,  resulted  from  volcanic  out- 
hursts,     r^ava  flows  also  occur,  but  are  less  frequent. 

The  term  greenstone,  which  is  a  convenient  field  name,  has  been 
applied  to  the  rocks  of  this  type,  both  schistose  and  massive,  and 
inchides  (he  intrusive  as  well  as  the  extrusive  forms.  They  are  all 
intensely  metamorphosed,  have  a  greenish  cast,  and  range  in  composi- 
tion from  altered  andesites  and  andesitic  tuffs  to  basalts  and  altered 
pil)l)r()s. 

On  Clevehmd  Peninsula  and  in  the  neighborhood  of  Ketchikan, 
the  (greenstones  are  roughly  bedded  and  conform  to  the  general  struc- 
ture of  the  neighboring  formations.  A  close  study  reveals  layers 
varying  in  composition  and  coarseness  of  crystallization,  and  a  few 
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l)eds  of  amygdaloidal  structui'e,  showing  the  original  vesicular  na- 
liii-e  of  the  ro<;k.  Angular  breccias  also  occur  containing  fragments 
of  greenstone  material.  All  these  features  are  such  as  would  be 
caused  by  a  succession  of  vok*anic  flows  and  outbursts,  and  their  igne- 
ous origin  is  thus  well  established. 

In  the  massive  flows  are  numerous  phenocrysts  of  pyroxene,  usu- 
ally less  altered  than  the  groundmass,  which  is  always  so  decomposed 
that  in  many  places  the  original  nature  of  the  rock  can  not  be  defi- 
nitely determined.  Wherever  it  is  less  altered  and  the  original 
texture  is  still  apparent,  considerable  amounts  of  plagioclase  feld- 
spar and  augite  phenocrysts  are  present  and  the  lavas  have  the  typi- 
cal features  of  altered  andesites.  Hy  processes  of  metamorphism  the 
augite  and  plagioclase  components  of  the  original  rock  have  been 
obliterated  and  replaced  by  gieen  amphibole,  biotite,  chlorite,  sericite, 
feldspar,  epidote,  zoisite,  c^alcite,  (piartz,  and  other  secondary  min- 
erals. The  beds  of  tuff  and  agglomerate  are  usually  intermixed  with 
much  sedimentary  material  and  gradations  to  purely  sedimentary 
beds  may  often  Ix*  observed.  Because  of  subsequent  alteration  the 
original  clastic  texture  of  the  tuffs  is  rarely  apparent. 

In  their  most  altered  form  the  greenstone  schists  are  fine  grained 
and  composed  largely  of  (rhlorite,  calcite,  and  secondary  hornblende 
giving  the  rocks  a  dark-green  color.  Tlu\se  schists,  where  permeated 
by  mineral-bearing  waters,  contain  considerable  amounts  of  pyrite, 
and  in  several  places  have  been  bleached  to  a  light  yellow^,  as  may  be 
seen  on  Gravina  Island  and  Cleveland  Peninsula. 

As  shown  on  the  general  geologic  map,  the  greenstones  are  dis- 
tributed along  the  mainland  belt  including  (Jravina  Island,  Cleve- 
land Peninsula,  and  Duncan  Canal ;  they  are  also  wt»I1  developed 
along  the  shores  of  Iletta  Inlet  and  on  Shukwan  Island.  The  green- 
stones ai*e  irregularly  involved  with  the  Carbcmiferous  slates,  lime- 
stones, quartzites,  and  schists,  having  Imhmi  folded  and  compressed 
with  them,  and  are  considered  to  be  essentially  of  the  same  age. 

A.NDKSITKS. 

The  extrusive  rocks  provisionally  referred  to  the  Jura-Cretaceous 
period  are  made  up  of  lavas  an<l  tuffs  like  those  of  the  upper  Carbon- 
iferous. These  extrusives  include  altered  andesites,  hornblende  por- 
phyrites,  quartz  porphyrites,  and  basalt  tuffs.  With  these  extrusives 
are  included  fragmental  or  clastic  rocks  composed  of  volcanic  tuffs, 
sandstones,  and  conglomerates.  As  a  whole  the  lavas  are  less  prom- 
inent than  the  clastic  rocks.  They  occur  intercalated  with  the  sedi- 
mentary slates  and  sandstone^  or  graywackes.  The  original  char- 
acter and  manner  of  deposition  of  extrusives  must  have  Ikhmi  very 
similar  to  that  of  the  older  greenstones.     They  are,  however,  readily 
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tli^iingjuished  from  the  fj^rtH^nKtoiio-s  hy  ilw  diffL^iviictf  in  ctinipositioii 
Hiitl  texture  tinil  their  dnminsmt  retltlisli  rolor.  There  is  nUo  i\  dif- 
ference in  the  amount  of  apparent  inetumorphiism  of  the  extrusives 
of  the  two  eras.  The  lava  and  tuff  beds  of  Mesozoic  age  have  not 
liet»n  ehiiu^d  to  di!i»rite  or  talcose  sehist?^  arid  do  not  whow  the  de-^J 
^I'ee  of  aheralion  that  is  (/harui'teristic  of  the  ohler  greenstoneis*  As^^ 
indicated  on  the  accompanying  map,  the  andesites  occupy  irregular 
areas  nn  tlie  south  entl  and  along  the  we.st  (^oiist  of  Prince  of  Wales 
IslantL  hut  are  not  known  to  oeeur  in  other  portions  of  the  Ketchi- 
kan or  Wrangell  districts. 

BAHALTfi. 
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The  Eocene  peritxl  is  also  eliarar'terized  by  the  extrnsion  of  enor- 
mous quantities  of  basaltic   hivas  and   tutfs.     The  lava  beds  Imve. 
been  but  little  disturbed  since  their  extrusion  and  show  little  or  naj 
ahenition.     Had  the}'  been  ftjlded,  conjpi'ei^sed,  and  subjected  for  a" 
h»ng  geologic  i)eriiKl  lo  the  slowly  oix^rating  chemical  and  physical 
agencies  wliicli  ahered  the  volcanic  rocks  of  Paleozoic  and  Mesozoie 
ngi\  tliey  would  undoubtedly  resemble  tlic  latter  closely  in  general 
charaeter,  ^J 

The  Eocene  basaltK  are  porphyritic  rockta  ranging  in  color  from^J 
gray  green  lo  gviiy  black  and  in  composition  and  texture  from  basic 
andesite  to  a  normal  basalt*  Porphyritic  textures  are  usual,  but  other ^_ 
textural  phases  have  Ijeen  developed  locally.  Amygdaloidal  struc^^f 
tnre,  >Yitli  fillings  of  quartz,  duilccdony,  ealt-ite,  and  a  zeolite  which  ^ 
is  prol>abIy  stilbile,  is  el laract eristic  of  some  beds,  ^J 

They  arejnostly  dark,  fine-grained  lavas^  the  otdy  mineral  compo-^^ 
nent  visible  to  tlie  unaided  eye  being  jihcntKMTsts  of  plagioclase  and  ^ 
occasionally  pyroxene*  The  inicroseoj»e  further  reveals  magnetite^J 
and  rarely  olivine  and  quartz,  also  a  brown  zeolitized  glass  in  sev-^B 
end  of  the  thin  sections.  AlteiTuition  products  are  calcite,  epido- 
tite,  mnscovite,  ehlc»rite,  and  .ser])entine.  Many  phenocrysts  of  feld-^J 
spar  fihow  marked  zonal  structure  and  grude*  in  eom position  fromW 
acidic  andesite  to  basic  labradorite.  In  the  groundmass  the  phigio- 
clase  Is  usually  more  acidic.  The  feldspars  oecnr  in  larger  amounts^ 
than  the  jjyn^xenc,  H 

These  extrusives.  as  indicated  on  the  geologic  map,  occupy  wide 
areas  on  Kuiu  and   Kupreanof  islands.     The  beds  are  almost  flat^J 
lying,  Ixnng  tilled  at  low  angles  in  places.     Columnar  structure  131^^ 
a  characteristie  feature  and  they  may  1m»  distinginshed  from  other 
rocks  of  the  regit m  by  their  usual  red  surface  weathering, 

Interstratified  among  the  lowest  ImhIs  of  this  suceessimi  are  strata  ^ 
of  rhyolite  tuff,  breccia,  lava  conglomerates,  and  sandstoneSp  At  Port^| 
Camden,  on  Kuiu  Ishmd,  narrow  seams  of  coal  interstratified  with  ^ 
lavas  and  sandstone  contained    fossd    plant    leaves,  which  are  con- 
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si(k*i'p<I  by  piileulKjtaiibts  to  Jw  of  Keimi  age  (upper  Eow^ne).    These 
volciUiicH  overlie  the  Kenui  coul-hejiriii^  l>t*ds, 

Bastdtic  lavaK  of  pustglaeiiil  age  oecupy  siiniU  areata  at  various 
points  along  the  mainland  and  on  Revillagigedo  Island.  They  lie  in 
nearly  horizontal  hefh  on  the  uptrrnied  scluHts  anil  grauitie  roeks. 
The  massive  lava  donu nates,  hut  inirrow  Ijeds  of  tiiffaceons  material 
iir  a.sh  were  also  observed.  These  flows  eorrespond  to  the  lavas  on 
Krnzof  Ishmd  in  the  Sitka  distriet  to  the  northwest 
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The  data  set  forth  in  the  preceding  pages  are  inadequate  for  thy 
presi'ntation  of  a  complete  account  of  the  sequence  of  events  in  the 
Ketchikan  and  Wrangell  districts.  In  the  coin-se  of  the  fiehl  work, 
however,  many  facts  in  refeiM?nce  to  stratigraphic  succession  and 
structure  have  Ix^en  olitaijied*  whieh  will  l>e  fully  used  in  Inter  ri'- 
ports  on  this  general  region*  Though  the  stratigrapliy  hiis  not  been 
worked  out  in  detail,  it  does  not  on  the  whole  appear  to  be  com- 
plex except  ah>iig  tlie  boundaries  of  the  Const  Range  granitic  in- 
trusions.  where  considerable  metaniorphiisni  and  loctd  disturbances 
of  stratii  have  taken  place. 

Tn  this  province  the  sedimentary  record  liegins  with  the  deposi- 
tion of  a  series  of  fragnientai  rocks,  now  represented  l>y  banded 
quartzite,  *Hindstone,  a  few  Ijeds  of  conglomerate,  and  some  tuffa- 
ceous  mati^riab  These  clastic  rocks  gi-ade  upward  into  calcareons 
beds  and  into  liuiestone  containing  Silnrian  fauna.  Though  the 
age*  of  the  earliest  sediments  has  not  been  determined,  they  are  be- 
lieved to  lx>  mostly  Silurian,  as  they  are  succeeiled  witli  apparent 
eonforniity  by  limestones  of  that  age.  However,  since  their  thiek- 
ness  is  estimated  at  10,000  feet  or  more,  it  is  possilile  that  their 
deposition  l>egan  in  an  earlier  period.  At  all  events  this  record 
shows  that  s£*dinjentation  wiis  probalily  continuous  during  early 
Silurian  time,  that  clastic  rocks  of  great  thickness  were  deix»sited, 
and  that  then*  was  then  a  gradual  dcc]>ening  of  the  sea  so  that  st^v- 
eral  thousand  feet  of  limestone  strata  were  laid  down.  After  the 
deposition  of  this  Silurian  linjestone  a  |>eriod  of  eaiih  movement  pos- 
sibly intervened*  during  which  the  rr^cks  were  indurated  and  more 
or  less  folded*     Of  this  fact,  however,  tliere  is  no  definite  pmof. 

The  oldest  member  of  the  Devonian  is  a  siicceHsion  of  crajgloui- 
enite  and  sandstone  beds,  composed  largely  of  igneous  ujiiterial, 
which  in  most  places  appear  to  be  less  altered  than  the  Silurian  lime^ 
stones  and  underlying  clastic  rocks.  The  pebbles  of  the  conglom- 
erate are  embedded  in  a  tuffiiceous  nuitrix  and  were  chiefly  derived 
from  the  older  handed  quartscite  and  limestone  strata.  This  series, 
which  is  eslimateil  to  Ix*  ;^,t>CM^)  feet  thick,  grades  upward  with  ap- 
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parent  conformity  into  the  lower  Devonian  limestones.  These  calca- 
reous beds  are  nearly  2,000  feet  thick  and  their  period  of  deposition 
probably  extended  well  up  into  middle  Devonian.  In  other  parts  of 
the  region  the  middle  Devonian  is  represented  by  argillaceous  schists 
and  slaty  limestones,  but  the  relations  between  these  and  the  early 
Devonian  limestones  are  not  known.  After  deposition  of  tbe  slaty 
limestones  and  argillites  and  apparently  conformable  with  them  a 
limestone  of  considerable  thickness  was  laid  down  in  upper  Devonian 
time.  This  later  liniestone,  though  highly  crystalline  and  folded  in 
places,  does  not  generally  show  the  intensity  of  dynamic  action  which 
characterizes  the  older  limestones.  At  the  close  of  the  Devonian 
volcanic  activity  began  along  this  coastal  belt^  and  lavas  were  poured 
out  and  tuffs  laid  down  to  an  estimated  thickness  of  about  800  feet 
These  volcanics  were  not  observed  in  the  Ketchikan  and  Wrangell 
districts  but  are  prominent  on  Chichagof  Island  to  the  north,  where 
they  overlie  and  are  interstratified  with  the  upper  Devonian  lime- 
stone beds,  indicating  that  their  extrusions  were  submarine.  The 
evidence  from  adjacent  provinces,  notably  in  the  Yukon  basin, 
tends  to  show  that  this  epoch  of  volcanism  was  widespread.  The 
so-called  Rampart  series  of  the  Yukon  appears  to  belong  to  the  saine 
general  epoch  as  the  upper  Devonian  of  southeastern  Alaska^  Vol- 
canic activity  apparently  ceased  toward  the  end  of  the  Devonian*  ' 
The  lower  Carboniferous  period  seems  to  have  been  inaugurated 
by  the  deposition  of  gray  limestone  beds  1,500  feet  or  more  in  thick- 
ness, and*  though  the  relations  between  these  beds  and  the  under- 
lying volcanics  were  not  definitely  determined,  it  is  probable  that 
deep-sea  conditions  continued  from  upper  Devonian  into  early  Car- 
boniferous time.  An  unconformity  l)etween  the  lower  and  the  upper 
Carboniferous  is  suggested  by  the  occurrence  of  argillites,  sandstones, 
and  coii^^loinerates  having  a  thickness  of  200  feet  or  more.  On  Kuiu 
Island  these  {inderlie  conformably  ()00  feet  of  clearly  exposed  upper 
Carboniferous  limestone,  which  is  broadly  fohled  and  shows  compara- 
tively little  metaniorphism.  Alon^  the  maijiland  the  corresponding 
limestone  beds  are  interstratified  with  argillites  and  crystalline  schists 
and  are  closely  folded  and  highly  metamorphosed.  Argillites  were 
extensively  laid  down  at  the  close  of  the  Carboniferous.  A  period  of 
volcanic  activity  ensued  resembling  that  at  the  end  of  the  Devonian, 
l)ut  of  much  longer  duration.  The  beds  of  lava  and  ash  ejected 
from  the  volcanic  vents  were  contemporaneous  w4th  the  slate  beds, 
and  l)ecause  of  their  intimate  association  with  the  sediments  the  vol- 
canics are  repirded  as  subnmrine  extrusives.  They  arc  now  repre- 
sented by  the  altered  massive  gi'eenstones  and  greenstone  schists, 
which  are  widely  exposed  throughout  the  region,  and  together  with 
the  interstratified  slate  beds  have  a  thickness  estimated  at  about  4,000 
feet. 
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The  se(iueiK*e  of  ^eolo^ic  events  during  the  Mesozoie  period  is  not 
clearly  defined  because  of  the  lack  of  paleontolo^ic  and  structural 
evidence  and  bei^ause  of  the  ^reat  oro^enic  changes  which  took  place 
during  this  era.  During  early  Mesozoie  time  the  bedded  nx^ks  suf- 
fei"ed  intense  metamorphisni  and  recrystnllization,  resulting  in  the 
conversion  of  the  sedimentary  strata  to  schists  and  slates  and  in  the 
alteration  of  the  volcanic  rocks  to  amphil)ole  scliists  and  chloritic 
greenstones.  At  the  same  time  the  beds  were  highly  tilted  and  in- 
tricately folded,  the  direction  of  the  axes  of  folding  being  generally 
southeast -north  west.  These  changes  are  exemplified  more  clearly 
in  the  rock  beds  flanking  the  Coast  Range  than  in  the  sedimentaries 
composing  the  outer  islands.  Though  early  Mesozoie  rocks  have  not 
l>een  recognized,  it  is  j^robable.  as  suggested  by  Brooks,"  that  Triassic 
beds  are  infolded  with  these  older  metamorphosed  sediments.  The 
large  development  of  the  Triassic  deposits  to  the  south  in  British 
Columbia  points  to  the  same  surmise.  The  only  evidence  that  the 
Triassic  is  represented  in  this  region  is  that  a  group  of  fossils  found 
in  a  piece  of  limestone  float  were  determined  to  be  Triassic. 

During  Mesozoie  time,  the  most  important  event  in  this  district 
was  the  intrusion  of  the  great  batholiths  of  the  Coast  Range.  A 
study  of  the  section  across  the  axial  mass  of  the  Coast  Range  itself 
shows  that  the  mass  is  not  a  simple  batholith,  but  is  made  up  of 
succe^ssive  intrusions  along  the  same  general  line  of  weakness  in  the 
earth's  crust.  On  the  outlying  islands  granitic  masses,  which  are 
much  altered  and  contain  many  shearing  planes,  are  invaded  by 
granitic  intrusives  only  slightly  altered,  which  in  turn  are  intruded 
by  i>egmatitic  dikes  and  masses.  Between  these  successive  intrusions 
considerable  time  probably  elapsed.  The  main  folding  and  tilting 
of  the  l)edded  rocks  referred  to  above  probably  preceded  the  actual 
invasion  of  the  granodioritic  rocks,  as  suggested  by  A.  C.  S])encer.'' 
This  is  based  <m  the  fact  that  their  lines  of  intrusion  are  in  a  broad 
way  parallel  to  the  bedding  planes  and  schistosity  of  these  older 
rocks,  also  ou  the  fact  that  a  few  inclusions  of  schist  fragments  occur 
within  the  intrusive  massif.  In  order  to  control  thus  effectively  the 
lines  of  intrusion  of  the  granodiorites,  the  invaded  sedimentaries 
must  have  been  highly  tilted  previous  to  the  time  of  igneous  intru- 
sions. 

From  observations  made  in  southeastern  Alaska  and  elsewhere  it  is 
evident  that  the  geologic  pi'ocess(»s  which  combined  to  produce  thest* 
vast  intrusions  and  structural  phenomena  acted  very  slowly  and  over 
long  periods  of  time.  Though  the  Coast  Range  intrusion  is  generally 
considered  as  having  occurred  at  one  period,  which  is  undoubtedly 
true  for  limited  areas,  it  is  probable  that  in  southeastern  Alaska  at 

■  BrookK.  A.  H..  Ki'tchlkan  inlnin;:  distrld  i  I'ruf.  Vii])t^r  V.  S.  4I«m.I.  Siirvi'.v  \«».  1.  Il»0i». 
pp.  22-28. 
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leHht  rtmsiiltM'rtblo  {mw  inlvvvinwil  tx*twt*t4i  the  (irst  gniiiiu*  invusimi 
nm\  Hum  I  h<ilidilirjili<iii  iif  tlit'  In  si  intnisivt*  ujmsso.s.  TIiuii^li  it  is  nut 
possible  now  tu  ivfer  Iht'si*  gninitii*  iiilrusioiis  in  tlii>i  pioviKL^e  to  a 
definite  geolo^c  horizon  ev^idenc-^  frum  ailjatieiit  provinces  iiidieatos 
tluit  thev  continued  jit  least  to  bit*^  niiddU*  Jurnssk*  time*  Thent^  in- 
vasions of  igneous  ninteriid  weiv  evidently  the  eause  of  the  vast 
anionnt  of  nietamorphism  and  defonnatioii  of  the  sedinieittiiry  strata 
along  their  contacts.  It  is  also  pn»hal»le  that  the  formation  of  many 
uf  the  ore  tleposits  occurred  just  after  these  igneous  invasions,  the 
intrusive  containing  the  material  for  the  ore.  The  transfer  of  igneous 
material  to  points  nearer  the  earth  s  snrfat^?  naturally  prcxhiced 
strains  in  the  earth's  crust  which  found  relief  in  cracks  and  lissures 
and  along  lines  of  brecciation,  as  well  as  at  the  contacts  of  the  in* 
trusives.  The  lines  of  weakness  thus  formi-d  fui'nished  channels  of 
free  circulation  for  mineralising  s<jlutions,  wliieh  are  l)elieved  to  have 
been  derived  for  the  most  part  from  the  igneouii  masses  themselves 
and  to  luive  been  given  off  during  the  jjfocess  of  solidificntion*'* 

A  jjeriod  of  erosion  api)eMrs  to  have  fulluwed  the  intrusion  of  the 
Mesozoic  granite,  and  later  another  ei>oeh  of  volcanism  l*egan.  The  vol- 
canic rocks  of  this  Isitcr  epcu'h  are  represtmted  iiy  tiiffaceous  deposits  and 
lavas  occupying  considerable  ureas  in  the  southern  and  western  parts  of 
Prince  of  Wales  Island,  where  they  lie  on  the  eroded  surface  of  the 
gninite  and  are  followed  by  or  interstratifie<l  with  deposits  of  clastic 
rticlv.  These  rcK'ks  may  Ih.*  considered  efpuvalent  in  a  general  way  to 
the  sediments  found  north  of  this  province  on  Admiralty  Island,  where 
banded  calcareous  slates  carrying  lower  Cretaceous  fossils  occur/' 
The  steeply  tilted  attitude  nnd  metamorphosed  condition  of  tlit^so 
volcftnics  indicate  that  they  were  folded  after  their  deposititm  and 
indtiration.  The  effect  of  the  forces  producing  these  structural 
phenoaiena  appears  not  Icj  have  ljt*eu  widespread,  as  it  did  not  nuKlifj 
to  any  giTut  extent  the  early  Mesozoic  folding  which  preceded  the 
intrusion  of  the  granite. 

After  the  deposit  it  ai  and  folding  of  these  Mesozoic  strata  a  long 
period  of  f[uiescence  appears  tn  have  ensued  during  which  erosion 
probably  was  extensive.  Tn  late  Cretacecnis  or  upper  Kf>cene  time 
sedimentation  toi*k  phiee  in  U?eal  basins.  Tliese  IkhIs  including  fine 
conglomerate  and  shales  with  some  lignite  were  subsequently  tilted 
and  faultctb  but  tliis  <lisnirl)anfe  was  a|>parently  locaL  No  evidence 
of  marine  life  has  yet  been  found  in  them  and  it  is  possible  that  in 
this  section  of  Alaska  they  w^ere  fresh-water  accumulations.  They 
occur  only  locally  near  sea  level  and  in  low-lying  valleys  and  basins 
practically   inclosed  by  mountains  of  gi^unite  and  older  metamor- 

-•Tbi*  oHgIn  (jf  Oil*  wrt*  depwH  U  mnrv  inWy  d1^i'Ui<s<'d  In  the  foUowliig  paf^'^ 
the  hv^ding  iif  *M  Jr»*  diiumn*."' 
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phosed  nirks.  These  IkhIs  represent  the  most  reeeiit  sediment iiry 
formations  of  the  Wran^ell  and  Ketchikan  districts  and  subsequent 
to  their  deposition  wide  areas  of  hind  were  flooded  by  basaltic*  hivas 
which  poured  forth  through  fissures  in  enormous  volume.  These 
lava  flows  are  flat-lying  and  on  Kuiu  Island  attain  a  thickness  of 
over  1,500  feet.  They  were  probably  extruded  at  the  close  of  the 
Eocene. 

A  large  part  of  the  Tertiary  sediments  may  have  been  subsecjuently 
removed  by  erosion,  for  there  must  have  been  a  long  period  of 
quiescence  after  their  deposition  and  deformation.  The  next  impor- 
tant event  in  the  region  was  the  development  of  the  ice  sheet  which 
covered  the  entire  district  under  consideration.  Its  retreat  left  the 
topography  in  essentially  its  present  form.  After  the  retreat  of 
the  ice  some  lava  sheets  were  locally  crui^ted. 

ORK  l>EPOSlT8. 

GENERAL  DISTRIBUTION  OF  MINERALIZATION. 

In  the  foregoing  pages  the  geograi)hy  and  geology  of  the  districts 
have  been  described,  especially  with  reference  to  their  bearing  on  the 
character  and  distribution  of  the  ore  deposits.  As  a  whole  the  Ketch- 
ikan and  Wrangell  districts  owe  their  present  economic  importance 
mainly  to  the  ores  of  copper,  the  occurrence  of  other  minerals  being 
commercially  of  minor  significance,  (lold  alone  is  mined  at  several 
places,  but  the  copper  ores  afford  a  more  important  source  of  gold. 
Deposits  of  silver-lead  ores  are  being  developed  in  both  districts,  but 
the  production  from  such  properties  has  been  small. 

MINERALIZATION    IN    THE   COAST   KANCJK    INTKl'SIVK    HKF/l    AM)    AIMACKXT 

SCHISTS. 

Within  the  mainland  ])elt,  which  includes  the  eastern  portion  of 
KevilIagige<lo  Island  in  the  Ketchikan  district,  mineralization  is 
scattered  both  in  the  granitic  intrusives  and  the  adjacent  schists,  but 
mineralized  zones,  corresponding  to  those  in  the  »Iuneau  gold  belt  to 
the  north,  are  less  strongly  marked.  Quartz  veins  and  metallic  im- 
pregnations are  found  only  locally,  and  pros])ecting  has  revealed 
comparatively  few  valuable  oi-e  deposits  in  the  areas  covered  l)y  these 
rocks.  Explorations  have  been  confined,  however,  mainly  to  the 
shores  of  the  deep  narrow  fiords,  from  which  the  mountains  rise 
abruptly  to  high  altitudes.  Steep,  forest -covered  slopes  make  pros- 
pecting difficult  and  have  restricted  the  kno\vle<lge  of  the  greater  por- 
tion of  the  schist  belt  to  the  vicinity  of  salt  water.  The  ore  bodies 
thus  far  disclosed  have  been  (leveIope<l  near  Smeaton  Bay  in  Rehm 
Canal;  at  Sealevel,  on  the  northeast  side  of  Thorne  Arm;  and  near 
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tlie  head  of  Carroll  Inlet  in  the  Ketchikan  district  For  the  moBt 
part  they  consist  of  simple  veins  in  fissures  and  lode  deposits  of  com- 
plex composition.  They  contain  only  moderate  values  in  gold.  In 
the  Wrangell  district  the  schists  and  argillites  near  the  Ckwst  Bange 
iiitrusives  are  less  highly  metamorphosed  than  those  to  the  south; 
moreover,  their  northwest  trend  and  northeast  dip  are  more  tmiform. 
The  structural  relations  resemble  somewhat  closely  those  of  the  Ju- 
neau district  to  the  north,  where  distinct  belts  of  mineralisation  have 
been  traced  for  many  miles.  In  the  Wrangell  district  such  a  belt 
has  been  observed  along  and  near  the  contact  of  the  Coast  Range 
granodiorite.  The  Groundhog  and  Glacier  Basin  groups  of  daims 
are  located  in  this  belt,  which  is  characterized  by  veins  rich  in  argeur 
tiferous  galena.  Prospects  similarly  situated  with  respeet  to-  the 
granite  have  also  been  located  near  Thomas  Bay  in  this  district. 

MINKRALIZATION   IN   THE  SLATE-QREENSTONE   BBf^T. 

(Jre  bodies  of  considerable  importance  have  been  developed  in 
the  slate-greenstone  belt,  which  borders  Tongass  Narrows,  includes 
tlie  western  portion  of  Cleveland  Peninsula,  and  extends  n6rtfa- 
ward  along  Duncan  Canal.  They  are  largely  lode  deposits  or  min- 
eralized bands,  within  which  the  greenstone-schist  country  rock  has 
been  sheared  and  fissured  and  then  permeated  by  the  mineral-bear- 
ing solutions.  In  these  mineralized  bands  or  lode  deposits  the  coun- 
try rock  has  a  bleached  appearance  and  is  impregnated  with  small 
cubes  of  pyrite  and  other  sulphide  ores.  Locally  narrow  seams  of 
massive  sulphide  ore  are  found  and  native  gold  is  often  visible  in 
the  vein  quartz  or  as  thin  films  or  flakes  along  the  jointing  cracks 
and  slipping  planes.  Besides  gold  and  small  values  in  silver,  copper 
also  occurs  in  limited  amounts  in  some  of  the  deposits  of  these  rocks. 
The  principal  lode  deposits  of  this  type  are  in  the  Goldstream  mine 
on  the  cj'st  side  of  Gravina  Island,  the  Old  Glory  mine  on  Cleveland 
IViiinsnla,  aiul  the  prospects  on  Portage  Mountain  at  the  head  of 
Duncan  Canal. 

Thon^rli  quartz  veins  are  prominent  throughout  the  slate-green- 
stone l)elt,  some  of  which  show  particles  of  native  gold,  most  of  them 
are  too  small  or  the  gold  content  is  too  low^  to  pay  for  mining. 
^\Mns  of  sufficient  size  to  be  mined  separately  have  In^en  located  at 
the  (lold  Standard  and  Gold  Mountain  groups  of  claims  on  Cleve- 
land Peninsula,  at  the  Hoadley  claims  3  miles  north  of  Ketchikan 
on  Kevillagigedo  Island,  and  at  several  points  along  the  east  shore  of 
(iravina  Island  in  the  Ketchikan  district,  and  on  Woewodski  Island 
in  the  Wrangell  district.  Gold  is  the  important  metal  of  these  vein 
deposits. 
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MINEKAIJZATION    OX    rKlNCE   OF    WALES    lSL.VNb    AND   THE    SEAWARD 

ISLANDS. 

On  Prince  of  Wales  Island  the  regularity  of  the  roek  structure  is 
l(H*ally  interrupted  by  the  broad  and  irregular  intrusive  areas  of 
granitic  rocks,  and  for  this  reason  th^  ore  bodies  are  not  traceable 
along  definite  zones.  Mineralization  in  general  is  closely  related  to 
the  intrusive  rock  masses,  and  many  of  the  deposits  are  at  the  con- 
tacts of  the  intrusives,  or  in  their  vicinity. 

The  copper  ores  generally  favor  contact  aureoles  adjacent  to  the 
granodiorite  or  syenite  intrusives.  They  occur  as  large  lenticular 
bodies  and  as  veins  of  nearly  massive  sulphide  ore,  composed  of 
pyrite,  chalcopyrite,  magnetite,  and  pyrrhotite  in  a  matrix  of  garnet, 
([uartz,  calcite,  and  other  gangue  minerals.  Such  deposits  are 
found  in  the  vicinity  of  Hetta  Inlet  and  on  Kasaan  Peninsuhi. 
Bodies  of  copper  ore  inclosed  in  a  greenstone-schist  country  rock, 
both  in  the  form  of  lenticular  masses  and  as  veins,  occur  at  Niblack 
Anchorage,  the  head  of  North  Arm,  and  in  Hetta  Inlet.  Bornite 
and  chalcopyrite  occur  in  small  jDatches  disseminated  locally  in  the 
granitic  intrusives  and  are  being  explored  on  the  Goodro  claims  to 
the  northeast  of  Karta  Bay. 

On  Prince  of  Wales  Island  gold  (x^currences  are  principally  con- 
fined to  the  limestones  and  phyllites  and  are  being  mined  in  the  vicin- 
ity of  HoUis,  on  Cholmondeley  Sound,  and  at  Dolomi.  At  these 
l>oints  the  gold  occurs  in  veins  of  quartz  and  in  lodes  following  lines 
of  brecciation  in  the  limestone.  It  is  commonly  present  in  the  native 
form  and  is  in  many  places  accompanied  by  considerable  amounts 
of  silver  and  copper.  The  principal  ore  minerals  are  pyrite,  galena, 
sphalerite,  and  tetrahedrite. 

Auriferous  veins  in  the  gi'anitic  intrusives  have  been  located  and 
partially  developed  on  Granite  Mountain  to  the  west  of  Karta  Bay, 
at  several  points  in  the  vicinity  of  Shakan,  and  at  Ratz  Harbor  in 
Clarence  Straits.  These  instances  emphasize  the  fact  that  the  gran- 
itic areas  are  not  always  barren  of  ore,  as  is  often  presumed. 

Ores  of  silver,  lead,  and  zinc  have  been  observed  at  several  l(K*al- 
ities  on  Prince  of  Wales  Island,  though  the  only  deposit  being  de- 
veloped is  on  the  Moonshine  chiim,  in  Cholmondeley  Sound.  At  this 
place  the  ore  occurs  in  a  well-defined  vein  traversing  the  limestone 
and  greenstone  schist  country  rock. 

On  Dall  Island,  southwest  of  Prince  of  Wales  Island,  auriferous 
quartz  veins  and  belts  of  schists  impregnated  with  gold-bearing  sul- 
phides have  l>een  partially  developed  at  Dakoo  Harbor,  2  miles  north 
of  Cape  Muzon.  Deposits  of  chalcoin'rite  ore  are  being  investigated 
near  Sea  Otto  Harbor,  on  the  west  side  of  the  island.  At  Mount 
Vesta,  on  the  east  side,  veinlets  of  tetnihedrite  and  galena  ore  (K'cnr- 
ring  in  a  limestone  belt  were  observed. 
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On  Baker  Inland,  north  of  Dall  LslaiicK  quartz  veins  in  a  grantticil 
intiusive  belt  have  been  prnspetlecl  to  a  hirge  extent,  hut  with  littkj 
^utresM.     Chalropjrite,  a^aot^iated  with  pyrrhotite,  hun  been  discov- 
ered at  the  ^rrtnjtic  contact  on  the  north  end  of  Noyes  Island,  but  ia 
yet  to  be  developed. 

The  deposits^  on  Coronation  Island,  Avhich  have  incited  considerable  ^ 
mining  interest  the  last  few  years,  are  replacement  deposits  of  galena 
rjre  in  limestone.     They  are  irregular  in  ot*currence  and  not  of  great 
extent*     Granite  intrnsives  were  observed   in  the  vicinity  and  iheHJ 
deposits  are  probably  genetically  related  to  them.  ^M 

On  Kuiu  Island,  the  second  largest  island  in  the  Wrangell  district, 
metalliferous  deposits  have  not  been  found.  This  may  he  attributed 
to  the  al)sence  of  intrusive  rocks  on  the  island,  only  une  snuvll  area,  at 
Washingtuii  Harbor,  having  been  observed. 

PRINCIPAL   CHARACTERISTICS    OF    ORE    DEPOSITS. 
OK^EHAL  STATEMENT, 

In  the  Ket(^hikan  and  Wrangell  districts  four  general  type.s  of  or 

deposits  have  been  recognized,  vein  deposits,  breccia  veins,  hnle  de- 
pusitSj  and  contact  deposits,  tiie  latter  being  of  greatest  importance-] 
Deposits  of  a  character  intennediate  between  these  general  classes 
also  occur  and  their  peculiar  features  are  discussed  in  the  ilet ailed 
descriptions.     The  distinctive  characteristics  of  the  different  miner- ^J 
als  contained  in  the  ore  deposits  are  considered  separately  under ^^ 
""  Character  of  uunerals/'    Placer  deposits,  from  wliich  the  greatest 
percentage  of  gold  is  derived,  have  not  been  developed  in  this  section^ 
of  Alaska. 

VEIN   DEPOSITS. 

The  term  "  vein  deposit ''  is  here  applied  to  any  mineral  mass  or] 

aggregate  oCcu|>ying  a  fissure  or  ft*acture  in  the  rocks.     In  this  re- 
gion they  are  usually  made  up  of  auriferous  t|iiartz  and  calcite,  with       i 
a  small  jiercentage  of  metallic  sulphides,  but  veins  of  nearly  massive^f 
sulplude  ore  rich  in  copper,  or  in  stjuie  instances  containing  lead  and^^ 
silver,  are  also  present.     The  vein  deposits  i>ccur  in  practically  all 
of  the  older  rocks  of  the  district,  including  the  intrusives,  but  are 
rarely  found  in  late  Mcsozoic  rocks  and  have  never  be^n  olistvrved 
in  the  Tertiary  sedinieutaries  or  erupt  ives.     These  fissures  were  pri-  ^i 
niarily  due  to  strains  in  the  earth's  crust,  which  may  be  ascril>ed  to^| 
earth    movements    at    present    but    imperfectly    understood.     These " 
cavities  were  natural  conduits  for  the  circulation  of  niineralizing  solu-^j 
tions,  which  contained  large  amoimts  of  quarts,  lime  carbonate,  motal-^| 
lie  sulphides,   and   other   minerals.    The   solutions   were   probably      ■ 
heated,  and  as  they  ascended  through  the  fissuius  the  conditions  of 
solution  changed  and  the  contained  minerals  were  deposited,  thus 


* 
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furniing  the  veins.  The  origin  of  the  mineral  sohitions  is  specula' 
tivc*  but  the  intnisivt^  rook  masses  are  probably  thn  sourco,  becaiii^e 
there  is  no  evidence  of  mineral  deposits  formed  previous  to  their 
invasion^  or  in  the  subsequent  rock  formations. 

In  their  form  and  mode  of  occurrence  the  veins  exhibit  much  irregii- 
lurit}^  Those  that  traverse  the  foliation  of  the  schistose  country 
rock  obliquely  are  in  many  places  more  strongly  developed  and 
l*t*tter  defined  than  those  that  parnUcl  the  rock  structure.  They  vriry 
in  width  from  a  few  inches  to  10  feet  or  more,  and  are  usujilly  less 
than  a  thousand  feet  in  horizontal  extent,  though  a  few  veins  are 
i^veral  thousand  feet  Kjug.  It  is  notable  that  while  portions  of  a 
vein  contain  high  values,  other  portions  are  practically  worthless, 
and  that  the  richer  portions  or  pay  shcx>ts  usually  follow  certain 
lines  pitching  at  variance  with  the  dip  of  the  vein*  Instances  of 
such  pay  shoots  were  noted  at  the  Sea  I^vel  mine  on  Revillagigedo 
Ishuu'l^  at  the  (lold  Standard  mine  on  Cleveland  Peninsula^  at  the 
Crackerjack  mine  near  Hollis,  and  at  other  mines. 

Few  of  the  veins  show  signs  of  surface  oxidation  of  the  minerals* 
Their  croppings  expose  the  unaltered  sulphide  ore,  usually  pyrite, 
and  only  rarely  ban  this  lj>etm  oxidized  to  limonite  so  as  to  form  an 
iron  cap  or  gossan.  Secondary  enrichment  is  entirely  absent  in  the 
fiasure-vein  deposits.  If  such  enrichment  existed  previous  to  the 
glacial  epoch  it  was  srourcrl  away  by  the  moving  ice  streams.  More 
recejit  weatliering  has  atlected  the  rocks  to  only  a  slight  depth. 

Most  of  the  veins  dip  steeply  or  stand  nearly  vertical*  At  the 
time  the  veins  w^erc*  fornted  the  present  outcrops  were  probably  sev- 
eral thousand  f€»et  lielow  the  earth's  surface,  and  since  they  were 
formed  from  material  derived  from  still  greater  depths,  it  may  be 
surmised  that  similar  veins  will  extend  to  considerable  deptlvs, 
though  individual  veins  may  be  cut  oiF  by  faults  or  by  a  gradual 
wedging  of  the  inclosing  fissure. 

The  walls  or  country  rocks  are  everywhere  considerably  altered 
and  in  some  places  consist  entirely  of  metamorphic  minerals,  in- 
eluding  epidote.  chlorite,  mica,  quartz,  and  calcite.  Metallic  min- 
erals in  many  ]*laces  impregnate  the  vein  walls,  anil  in  certain  locali- 
ties the  iHJck  adjacent  to  tlic  vein  constitutes  a  i)art  of  the  ore* 

IlRErCIA    VEINS, 


The  term  breccia  veins  is  here  used  to  designate  masses  of  breccia 
rock  occur I'ing  in  more  or  less  tabular  form  which  have  been  infiltrated 
niiil  impregnated  by  quartz  and  nietallic  sulphides*  Limestones  and 
schists  ai^  tlie  usual  intOosing  rocks,  and  in  these  the  veins  are  citlier 
parallel  to  the  bedding  planes  or  crosscut  them  at  naiTow  angles, 
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Deposits  of  this  .sort  are  found  at  Dolonii  and  in  Cholnioncleley  Sound,      . 
on  the  east  side  of  Prince  of  Wales  Island,     At  Dolonii  the  Valpa*^ri 
raiso,  Paul,  and  Jessie   veins  are  typieal  of  these  breedated    vein^^ 
deposits,  and  in  Cholniondeley  Sound  the  Gladstone  and  Equator 
veins  are  nio.st  typiojil,     Tliese  veins  v^n^p-  from  2  to  10  feet  in  width 
and  many  of  them  are   traceable  for  IXKK)  feet  or  more.     Quarts&^J 
forms  the  cementing  material  between  the  breceiated  limestone  fra^-^^ 
lueuts*  and  to  some  extent  has  replaet'd  the  rock  itself.     Sulphide^ 
minerals  carrying  the  gold  values  ai-e  contained  in  the  limestone  frag- 
ments as  well  as  in  the  quartz,  and  to  a  less  extent  in  the  urd>reeelate< 
riK'k  adjaeent  to  the  vein.     Because  of  this  rephicenieut  of  the  inelo^ 
iug  rock  and  the  lack  of  definite  walls,  it  is  stmietimes  diilicult  tix 
determine  the  lateral  limits  of  the  ore,  and  assays  of  the  roc^k  ai^ 
necessary.     In  some  phii-es,  as  was  noted  in  the  Valparaiso  vein,  the 
walls  are  defined  by  narrow  veins  of  massive  qimrtz  1  to  2  feet  in 
width,  with  4  to  0  feet   of  breceiated  ore  between.     These  quart/.      . 
veins  were  separated  from  the  intervening  breccia  by  thin  seams  ofi^M 
gouge  matter,  indicating  movement  of  the  walls  suhsequent  to  their^^ 
deposition.     Gold  is  the  principal  metal  ci>ntained  in  tht»se  deposits      . 
and  is  largely  free-niilling,     Pyrite,  ehaleopyrite,  tetrahedrite,  ga^^tf 
lena,  sphalerite,  and  arsenopyrite  occur  in  varying  amounts  in  niost^^ 
of  these  veins.     Surface  weathering  has  oxidized  the  surface  out- 
crops, in  places  to  a  depth  of  several  feet,  forming  a  gf>ssan  com- 
posed of  iimonite,  hematite,  malachite,  azurite,  and  other  minerals. 
In  these  breccia  veins  the  richer  ore  generally  occui*s  in  the  foiin  of 
shoots,  pitching  at  an  angle  to  the  dip  of  the  vein, 

LODE    DEl^>81TS. 

The  type  of  mineral  deposit  here  defined  as  'Mode''  consists 
bands  of  schistose  rock  intersected  by  veinlets  of  quartz  and  calcite" 
and  impregnated  with   metallic  sulphides.    These  lodes  nuiy  vary 
from  5  to  50  feet  in  width,  and  are  usually  of  gi*eat  persistence  both 
iti  length  and  depth.     They  invariably  follow  ttu^  struct m*e  of  the 
inclosing  rock,  and  the  ore  is  of  more  uniform  grade  in  them  thati^J 
in  the  fissure  veins.    Gold,  ^vhich  is  the  prim'ipal  metal  in  tliem,  idH 
confined  largely  to  the  qnnrtz  and  calcite  veinlets.     The  lode  deposits      ' 
are  not  so  important  in  this  region  as  in  the  Juneau  district '^  to  tho^y 
north*    This  type  of  mineralization  is  most  prominent  in  tlie  slate-^f 
greenstone  belt,  and  ore  bodies  of  this  sort  are  being  mined  at  the^' 
Keystone  claim  on  Cleveland  Peninsula  and  at  the  Goldstreani  mine 
on  Gravina  Island,     At  these  localities  the  inclosing  rock  is  a  greeji- 
stone  schist,  which  T^^ithin  the  lodes  is  changed  to  a  si>ft  grayish  ou 
pale-greenish  rock,  consisting  chiefly  <jf  carbonates  cjf  lime  and  mag-j 

•  Spencer,  A.  C„  The  Juneau  gold  belt :  Bull.  U.  S.  UeoJ.  Survey  No.  1^87,  lUt>6. 
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nesia,  with  sericite  and  some  chlorite.  The  metrtllie  sulphides,  essen- 
tially pyrite  with  some  chalcopyrite.  are  finely  tHsseniinatotl  thrnngh- 
*iut  the  rock  mid  ainonnt  to  ninnit  3  to  0  per  cent.  The  lateral  limits 
of  the  de|wsits  are  not  sharply  defined,  nud  in  the  altered  coniitiT 
rock  the  nuneralized  portion  gradually  changes  to  the  unmineralized 
schist. 

The  oripn  of  the  lode  deposits  is  l)^lteved  to  have  been  similar 
lo  that  of  the  fissure  veins.  Mineral  solutions  of  magniatic  origin 
[jt'nneatcd  and  altered  the  s(*hists,  nnd  deposited  in  them  the  sulphide 
mtnerals.  The  rocks  were  then  fractured  and  veinlets  or  stringerrt 
of  f|nartz  and  caleite  were  deposited,  Siihseiiuent  movements  have 
cau*ied  slipping  and  shearing  planes  within  the  lodes,  but  large  trans- 
verse faults  were  not  observed. 

Surface  waters  and  other  surface  agencies  Iiave  had  practically  no 
effect  ui>on  this  type  of  deposit  since  the  glacial  epoch,  and  secontlary 
enrichment  does  not  m^cur. 

CONTACT-METAMimenir   DKHJBll*fi, 


Among  the  most  valuable  mineral  deposits  in  the  region  are  the 
contact  metamorphic  deposits,  which  are  largely  developed  on  Prince 
of  Wales  Island.  This  term  is  here  restricted  to  those  mineral  veins 
or  ore  masses  which  have  been  formed  by  contact  metamnrphit^ 
agencies  and  which  carry  the  minerals  characteristic  of  siieli  action. 
A  contact  metamorphic  deposit  must,  therefore,  be  in  the  vicinity 
of  an  intrusive  rock  but  not  necessarily  at  its  contact.  Such  deposits 
occur  ju<istly  in  limestone  or  calcareous  rocks  usually  within  l.OtJO 
feet  of  the  intrusive  rock  masses.  They  are  believed  to  be  of  mag- 
matic  origin  and  to  have  been  formed  by  gaseous  and  aqueous  emana- 
tions given  oil"  from  the  igneous  intrusive  during  cooUng  and  solid- 
ification. As  lime  carbonate  is  a  ready  precipitant  of  these  mineral 
>{ilutions,  the  largest  ore  masses  are  usually  formed  at  points  where 
limcstcHio  is  the  intruded  rock. 

The  characteristic  minerals  associated  with  the  contact  meta- 
morjjhic  deposits  are  chalcopyrite,  pyrrhotite.  pyrite*  and  magnetite 
in  a  ganguc  of  garnet,  epidote,  caleite,  quartz,  amphibole,  woUasto- 
nite,  and  several  rait*  minerals.  These  minerals  ai*e  admittedly  the 
typical  products  of  contact  metamorphism,  and  their  nature  and 
intergi'owth  show  that  they  result  from  the  action  of  hot  s<dutions. 
ilineralogically  they  differ  from  the  ores  of  other  deposits,  esj^ecially 
in  the  contemporaneous  formation  of  oxides  and  sulphides,  princi- 
pally of  iroUj  and  in  their  association  with  the  various  lime-silicate 
minerals  enumerated  above.  Within  these  contact  aureoles  the  min- 
eral deposits  assume  many  forms.     They  occur  not  only  as  veins 
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filliijg  fitisiires  a  few  hundred  feet  in  length,  erosscuttiiig  the  intruded 
rock  l)eds,  but  also  la  the  intrusf^ive  iiiast^  itself,  and  as  banded  re- 
placement deposits,  where  mineral  deposition  hats  taken  place  along 
the  bedding  planes  of  a  qnartzite  countr}^  rock  and  the  intervening 
bands  have  been  more  or  less  completely  replaced  by  vein  materiaL 
Of  greatest  importance,  however,  are  the  masses  composed  largely  ^i 
of  metallic  sulphides  and  magnetite.     These  ore  bc^dies  are  irregular  ^H 
masses  ranging  from  20  to  200  feet  in  lateral  dimensions  and  from  " 
too  to  300  feet  in  depth.     Such  deposits  are  largely  develojied  at 
Co])per  Mountain  and  on  Kasaan  Peninsula^  both  kicalities  on  Prince 
of  A\^iles  Island,  and  their  characteristic's  are  discussed  under  the 
detailed  descriptions. 

CHARACTER  OF  ORES. 

The  important  ores  of  the  Ketchikan  and  Wrangell  districts  are  i 
not  uf  great  variety  and  their  association  is  not  milike  that  of  the] 
other  lode-mining  areas  in  Alaska.  Most  of  the  ores  are  prinmry ; 
sulphides^  (he  only  recognized  ores  of  secondary  origin  which  m-cur  , 
in  connnercial  amounts  arc  the  copper  carbonates  at  Copper 
Mountaiiii 

t^UFFER  UKE8. 

The  principal  copjier  mines  in  the  repfion  are  developing  deposits 
of  a   lo\v*grade  copper-iron  sulphide  ore  whicli  can  be  proiitably  ^J 
exploited  only  by  extreme  economy  in  extraction.    In  certain  in-^| 
stances  the  acceKsofy  gold  content  of  $1  and  $2  is  depended  on  to  raise  ^ 
the  total  value  of  the  t>re  aliove  the  commercial  limit.    The  copper  ^J 
ores  generally  contain  high  percentages  of  iron  and  lime  and  are^| 
classed  as  "base  ores''  by  the  smelters.     Therefore,  to  aconjplish  ^ 
their  reduction,  it  is  necessary  to  mix  them  with  siliceous  or  (luartz 
ores.    The  lack  of  available  siliceous  ore  has  lieen  a  serious  handicap 
to  the  smelters  of  the  district.     Increasing  the  value  of  the  copper 
ores  by  concentration  alone  would  in  most  cases  be  of  little  ailvan- 
tage,  both  because  of  the  high  percentage  of  iron  minerals  and 
because  *mly  the  lighter  siliceous  minerals  would  be  separated,  which) 
are  necessary  as  a  tlnx.     In  some  instances,  however,  a  griiiding  and  | 
t  reatment  of  the  ores  in  a  magnetic  separator  might  be  done  to  | 
advantage. 

These  facts  are  clearly  brought  out  in  the  following  table,  which 
nhows  the  compcjsition  of  the  gangue  content  of  the  ores  from  the 
principal  miney,  as  det^irmined  by  smelter  assays* 
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Smelter  assays  of  ores  from  copper  mines  in  the  Ketchikan  district.^ 
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Name  of  mine. 

SiOs 
(silica). 

Pe 
(iron). 

17.0 
47.8 
34.1 

OaO 
(lime). 

10.4 

^              AI2O3 
(sulphur).    ^^]^ 

MgO 
f  mag- 
nesia). 

Zn 
(zinc). 

Mamk*  mine: 

SiUceous  ore 

.qo.B 

.'1.9  I         17.2 

Base  ore...           .     .             lo.fi 

2.7  i             6.3  1          7.7 
7.6                 fi.9  1         11.7 

SteveDstown  mine 

1C.4 
13.2 

r      ie.5 

I        19.0 

]        27.2 

I        41.8 

12.0 

74.2 

37.7 
12.4 

1 

Ifoqpt  Arw^rAW  mine  . 

42.8  '              -4  .              4.3 

Karta  Bay  mine 

35.6 
28.3 
24.6 
18.4 
37.0 
8.6 

17.3 
27.2 

6.8 
7.0 
1.0 
1.7 
1  2 

0.2 
8.0 
22.8 

1 

NIMack  mine 

5.6 

1.2 
3.9 
Tt. 

i.o 

Omar  Khayyam  mine 

14.8             /.» 

1.9 

1.8  j             7.4 

12.1  1                .3 
1.6              25.fi 

1.1 

12.0 
4.36 

Copper  Mountain  mine,  sur- 
face ore- -. 

GoDDer  Oity  mine - > 

8.4 

•The  above  assays  were  kindly  furnished  to  the  writers  by  the  Alaska  Smelting  and  Refining 
Company  and  by  the  Tacoma  Smelter. 

The  preceding  analyses,  though  incomplete,  show  the  relative  basic 
and  siliceous  content  of  the  oi*es.  The  portion  of  the  analyses  not 
given  represents  the  moisture  (HjO),  the  carbon  dioxide  (CO2),  the 
undetermined  elements,  including  the  alkalies  contained  in  the  ores, 
and  also  their  content  of  precious  metals. 

GOLD   ORES. 

Although  gold  is  distributed  through  all  the  older  rock  formations 
within  the  region,  the  localities  which  show  sufficient  concentration 
of  auriferous  minerals  to  make  workable  ore  bodies  are  relatively  few, 
and  the  values  found  are  usually  low.  The  low  cost  of  transportation 
and  the  available  water  power,  however,  make  it  possible  at  many 
places  to  extract  the  ores  at  a  profit. 

The  gold  mines  operating  in  the  Ketchikan  and  Wrangell  districts 
are  producing  a  free-milling  ore,  i.  e.,  an  ore  from  which  the  greater 
percentage  of  the  gold  (content  may  be  extracted  by  amalgamation. 
Some  of  these  ores  have  been  shipped  to  the  smelter,  but  unless  the 
charges  for  reduction  are  exceptionally  low  it  would  appear  that  the 
ores  should  be  conc^entrated  and  these  concentrates  alone  shipped  to 
the  smelter.  The  amount  of  concentrates  derived  from  the  gold  ores 
seldom  exceed  5  per  (?eiit. 

ORE  MINERALS. 


NATIVE    MINERALS. 


Gold. — Gold,  the  only  native  metal  found  in  commercial  quantities, 
occurs  in  vein  and  lode  deposits.  Small  (juantities  of  gold  are  also 
present  in  the  alluvium,  notably  that  of  Stikine  and  Unuk  rivei^s. 
Visible  particles  of  gold  are  scattered  through  the  vein  quartz  and  as- 
sociated with  pyrite  to  some  extent  in  the  adjacent  country  rock  at 
Crackerjack  and  Puyallup  mines  near  lloUis,  at  the  Gold  Standard 


86         KETCHIKAN  AND  WRANGELL  MINING  niSTRlCTS,  ALASKA. 


I 


mine  on  Cleveland  Peninsula,  at  the  Iloadley  group  just  north  of 
Ketebilcan,  at  Sealevel  in  Thorne  Ann,  and  at  other  points.  Gold  is 
aim  found  in  small  particles  uFiscjciatcd  with  pilcna  and  sphnlerite 
in  narrow  soaniw  and  in  the  fonn  of  thin  flaken  along  jointing  and 
slipping  planes  in  the  lode  deposits  at  the  Gold  Stream  mine  and 
other  localities^.  In  the  breccia  deposits  at  Dolomi  many  of  the  veins 
show  native  gold  associated  with  ,secondarv  minerals,  such  as  limo- 
nite*  malachite,  and  aznrite,  apparently  derived  from  original  sul- 
phide ores  by  weathering.  In  many  of  the  deposits,  ho%vever,  the  gold 
is  contained  largely  in  sulphide  minerals,  and  its  association  with  the 
sulphide,  usuall}'  pyrite,  is  so  intimate  that  fine  milting  and  amalga- 
nuition  fail  to  extract  the  metah  Many  of  the  sulphide  concentrates 
from  these  ores  contain  fi'om  5  to  10  ounces  of  gold. 

Voppen — Metallic  copper  was  observed  at  the  surface  crt^pings 
of  the  copper  deposits  at  the  head  of  Duncan  CanaU  at  Copper 
Mountain,  at  Skowl  Arm,  at  Cholmondeley  SouiitL  and  on  Kasaan 
Peninsida,  In  this  relatively  rare  mode  of  occurrence  the  copper  is 
in  thin  sheets  along  clay  seams  or  slipping  planes  and  has  been  de- 
rived from  the  alteration  of  chalcopyrite, 

SULFHinES,  TKI^LrarnKS.  AUSEXmES,  ETC. 

Chalropyrite. — Chalcoi)yrite,  which  forms  the  bulk  of  the  copper 
ores  of  thtj  distnets  in  all  the  variotis  types  of  deposits,  is  composed 
of  the  sulphides  of  copper  and  iron  and  when  pure  contains  34*5  per 
cent  of  copper.  It  occurs  asstK!iatefl  with  pyrite,  pyrrhotite,  and 
magnetite  in  a  gouge  eomposed  of  garnet,  epidote,  quartz,  t*alrite,  and 
amphibole  minerals  and  in  quartz  veins  with  galena  and  vawc  blende, 
Chalcopyrite  ussi>ciated  with  biotite  and  !im]>!nbole  has  also  been 
found  finely  disseminated  in  the  intrusive  rocks,  but  in  these  cases  it 
was  evidently  not  an  original  mineral  of  the  rock* 

As  platinum  has  l>een  found  in  association  with  chalcopyrite  ores 
elsewhere,  it  seemed  desirable  to  test  these  ores  for  this  metal  as  well 
as  for  their  gold  content*  I^rge  samples  of  chalcopyrite  ore  as  nearly 
pure  us  possiljle  were  taken  from  three  mines  and  analyzed  by  Mr. 
L<K*ke  with  the  following  results: 

AnQlu^ea  of  tiitiicopynfe  €)re», 
Sampk  number,  L(*eitl!ty. 


f  Msmfemlnt'.  Ketchikan  ilSfstrkt._^ ^ .___ 
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Thes^  analyses  did  not  reveal  a  perceptible  amount  of  platimim  in 
the  cbaicopyrite,  yet  showed  a  gold  value  of  from  $0.80  to  $1.60  per 
ton, 

Bormt€ *~BoTnitB  is  also  a  copper-iron  sulphide  containing  55.5 
jwr  c<?nt  copper,  and  may  l>e  eaHily  recogrii^sed  hy  its  iridescent  or 
copper-red  coh>r.  It  has  Ijeen  found  only  at  tlie  Goodro  prospects 
on  Prinre  of  Wales  Island,  where  it  is  distributed  in  small  particles 
and  masses  associated  with  chak-opyrite,  secondary  biotite,  and  epi- 
dote  near  the  contact  of  a  basic  dioritic  intrusive. 

Pyrite. — ^The  most  common  metallir.  sul[)hide  known  in  the  region 
i*^  pyrite.  It  i^  present  in  the  form  of  small  but  perfect  cubes  through- 
out the  nietaniorphio  s<*hists,  slates*  and  greenstones,  and  i.s  finely  dis- 
seminated in  the  igneous  rooks.  Alone  it  is  of  little  commercial  value, 
bn<  where  assurnuted  \\\X\\  gold  it  may  form  a  vahuible  ore,  Aui'i- 
ferous  pyrite,  which  constitutes  the  larger  percentage  of  the  ore  con- 
centrates, is  supposed  to  he  a  mechanical  combination  by  which  the 
gold  is  distril)Uted  throughout  the  pyrite  in  minute  tibiis  and  piirti- 
cles,  which,  liowever,  can  not  l>e  separated  by  the  usual  method  of 
amalgamation.  Pyrite  in  a  pure  state  contains  53.4  per  cent  of  sul- 
phur and  is  the  raw  material  for  the  nuinufacture  of  sulphuric  acid. 
At  one  locality,  Skowl  Ann,  where  large  liodies  of  this  sulpliiile  oc- 
cur, the  advisability  of  mining  pyrite  for  its  sulphur  content,  which 
aniojmts  to  about  40  per  cent,  is  l>eing  eonsidere<b 

Pyrrhotfft', — The  motle  of  occurrence  of  pyrrhotite  is  simihir  to 
tli«t  of  pyrite,  but  it  is  not  so  broadly  distributed.  It  is  a  sulphide  of 
iron  containing  less  sulphur  tlnui  pyrite  and  may  Ik?  distinguished  by 
its  darker  l>ronzelike  color  and  its  maguetir  properties.  Pyrrhotite 
is  largely  developed  in  all  of  the  copper  contact  metamorphic  de- 
posits and  occurs  finely  disseminated  in  the  intrusives  near  their 
conta(*ts. 

Some  pyn*hotite  ores  elsewhere  contain  idckel  in  sufficient  amount 
to  form  a  nickel  ore.  F(U*  this  reason  and  because  some  masses  of 
this  uiinerul  were  reported  to  contain  large  amounts  of  cobalt,  siimples 
of  nearly  j>ure  pyrrhotite  wei*e  taken  fnmi  three  localities  and  sub- 
mitted for  the  determination  of  their  nickel,  cobalt,  platinum,  and 
gold  content-  with  the  following  results: 

Attdtf/HtM  of  pp t'rh  tttltv  ft r* *^, 


SAjnUte  ouiiibpT. 

LiK-allty. 

Ht4^k«d. 

Cobalt. 

PlBtinuni, 

Oold. 

Omn^u 

Ounet* 

Perctnt. 

P^rtnn. 

per  tpn. 

4 «_.-_^^.- 

Brown  and  M^z  dafkii,  north  end 
V.  ....    r  .   .„i  KptchTknn  tUnttWi, 

thl  ta0,2 

Tt*«, 

Nona. 

None, 

5. „^_^_... 

Si                         .    iiufth   yide  H«U« 

J  to    ,2 

Trttcc. 

Num. 

Xoni'. 

IL 

Iruii  1  MPMij  vUmi,  Oapi^T  Mmm- 

J  ill    ,2 

Ttmtst, 

None, 

nmut* 

tarn,  Kpt^'Jilkimillstrkt- 

im^ 
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Galena, — ^TIw  lead  sulphide,  galena,  containing  H6  per  cent  of  lead 
and  u?4iially  a  small  amount  of  silver,  has  been  found  at  several  Im-al- 
ities*  It  occia*s  with  sphaleritt%  pyrite,  and  tetnihedrite,  and  also 
with  silver  and  gold  in  small  amounts,  (falenu  is  the  princMpal  ore 
of  the  Moousliine  pros|3ect  on  Cholmondeky  Sound,  and  at  the 
Groundhog  and  Glacier  basin  prospects  on  the  mainland  east  of 
WrangelL  At  the  Moonshine  group  of  claims  it  oeciirs  both  in  a 
coarse  crystalline  state  and  in  a  fine  compact  state,  the  latter  being 
called  *' steel  galena.'-  To  determine  the  relative  amounts  of  silver 
contained  in  the  two  varieties  the  mine  owners  took  samples  which 
were  assayed  with  the  following  results :  ^ 


FfDe-^ratnfil  comrmet  galena  f*r(*_.,. .^-__^.. 

Ooarii^'grnlneri  j^nliijia  ore,. _-. ,„.^„ , — 


BSver. 


Ounefs 

17 ,« 


Ptrcmt. 
7B.9 


The  lead-silver  ratio  is  practically  the  same  in  lioth  cases.  Galena 
also  occurs  in  variable  amounts,  usually  small,  associated  with  the 
gold  ores,  at  Dolomi,  on  Annette  and  Gravina  islands,  on  Cleveland 
Peninsula,  and  at  Thomas  Bay,  It  is  rarely  present' in  the  copper 
contact  deposits. 

iS pit fderHe.— The  mineral  sphalerite,  commonly  known  as  rinc 
blende  or  black  jack,  occurs  under  practically  the  same  conditions  as 
galena,  with  which  it  is  usually  associated,  but  at  no  place  has  it  been 
found  in  sufficient  quantity  to  make  a  zinc  ore.  Besides  the  localities 
mentioned  where  galena  occurs  it  has  lM?en  found  in  considerable 
amounts  at  some  prospects  on  Beaver  Mountain  in  Iletta  Inlet  and  is 
present  in  the  copper  ores  at  Niljlac*k  and  Copi3<^r  City. 

Tetrakednte. — Gray  copj^er  ore,  as  tetrahedrite  is  usually  termed, 
is  a  copper-antimony  sulphide  which  may  be  distinguished  from 
sphalerite  by  its  lack  of  cleavage  and  its  dark  brown  to  black  streak. 
It  has  been  found  at  Dolonii,  on  Annette  Island  and  on  Kasaan  Penin- 
sula assoidated  with  chalcopyrite,  pyrite,  galena,  and  sphalerite  in  the 
quartos  veins  incltjsed  in  limestone.  Tetrahcdrite,  though  a  copper 
ore,  was  not  observed  in  the  copper  deposits,  and  it  is  important 
only  becatise  of  the  gold  and  silver  which  usually  accompany  it. 

Tetmdymtte.—X  telhiride  of  bismuth,  called  tetradymite,  occurs 
with  the  gold  ores  at  the  Hoadley  claims  north  of  Ketchikan  and 
at  the  mines  on  Cleveland  Peninsula,  It  is  a  relatively  rare  niineral 
of  a  steel-gray  color  with  a  perfect  basal  cleavage  and  usually  a 


*  Tliese  analyaes  w^rt  IdndJ^  fumlaheil  to  the  writer  by  Mr.  Catlln,  of  Ketchlkann, 
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prismatic  form.  It  has  been  eonfusi^il  by  the  miners  with  petzitt?, 
the  gold-silver  telhiride,  a  mineral  which  hm  not  been  observed  io 
the  region,  though  it  may  l>e  prosetit  in  some  of  the  gold  ore«, 

Ar*Heiwpi/riU\—A  siilpharsenide  of  iron,  called  arsenopyrite,  was 
ob^^*rved  in  the  quartz  veins  at  several  localities  in  small  and  unim- 
portant amounts.  Tt  may  be  distinguished  from  pyrite  by  its  silver- 
white  colon  At  the  prospects  in  Thomas  Bay  it  is  found  in  consid- 
erable quantities  containing  gold  values,  and  is  associated  with  pyrite, 
galena,  and  some  sphalerite. 

MolybdenUe, — Flakes  of  molybdenite,  molybdenum  sulphide,  are 
found  in  some  of  the  quartz  veinlets  occurring  in  the  metamorphic 
^schists  and  the  intrusives  of  the  mainland.  It  also  occurs  in  small 
'amounts  in  some  of  the  contact  metamorphic  deposits  on  Prince  of 
Wales  Island.  A  small  vein  showing  a  considerable  amount  of  this 
sulphide  was  observed  in  the  schists  on  the  north  end  of  Noyes  Island* 
Molylxlenite  is  one  of  the  rare  minerals  of  this  region,  and  so  far  as 
known  does  not  occur  in  commercial  amounts.  It  is  a  soft,  flaky 
mineral  with  metallic  luster  resembling  gi^aphite,  but  having  a  bluer 
tinge* 

03IIDES,    CARBONATES,   AND   SILICATES. 

Maf/netite. — ^Tlie  principal  occurrence  of  the  magnetic  oxide  of  iron 

is  in  association  with  the  copper  depdfeits.  At  the  copper  mines  in 
Kasaan  Peninsula  magnetite  forms  alK>ut  half  of  tlie  ore  mass  and 
occurs  in  large  amonnts  in  some  of  the  deposits  in  the  vicinity  of 
Hetta  Inlet.  Minute  grains  and  small  octahedral  crystals  of  mag- 
netite occur  scattered  through  the  ferromagnesian  silicates  and  less 
plentifully  through  the  groundma^  as  an  accessory  constituent  of 
the  dioritic  intrnsives  and  the  giTcnstoncs.  Magnetite  was  not  (ob- 
served in  the  quaiiz  veins,  though  it  is  piTsent  in  many  of  the  |>eg- 
matite  dikes*  At  several  places  on  Prince  of  Wales  Island  magnetite 
f>ccurs  in  masses  sufticietitly  high  in  grade  to  make  an  iron  ore,  though 
no  attempt  has  been  made  to  mine  it  as  such.  The  presence  of  cluil- 
c**iiyrili*  in  these  nuignetite  masses  makes  them  important  as  copper- 
Iiearing  deposits,  though  in  uuniy  instances  tlie  content  of  the  metal  is 
not  sufficient  to  insure  profitable  mining.  The  mode  of  occurrence  of 
the  magnetite,  associated  in  masses  witli  chalcopyrite  and  pyrite, 
shows  that  it  was  deposited  under  similar  conditions,  and  that  it  is  a 
primary  ore  mineral,  as  the  hitter  evidently  are.  In  the  intrusive, 
however,  it  is  apparently  an  original  constituent  of  the  rock* 

IIemafffe*—lJ^niatitt\  also  an  oxide  of  iron,  occurs  in  the  form  of 
speeularite  or  micaceous  hematite  in  the  contact  copiK^r  deposits, 
though  only  in  minute  scattered  grains.  At  the  Niblaek  mine  it 
forms  small  masses  accompanied  by  quartz  in  the  ore  bodies.  It  was 
not  observed  associated  with  the  auriferous  ores. 
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Lifn<>nUt\ — Tilt?  hydrou?^  iron  oxide  fiillt^d  limonite  is  an  alteration 
product  of  iron  inin^ruls,  most  eoninionty  of  pyrite,  and  is  fomid  at 
many  plact*!^,  bnt  nowhere  in  quantity^  It  ocenrs  with  the  copper- 
carbonate  ores  on  Copper  Mountain  and  forms  a  shallow  capping 
on  njiHiy  of  tlie  pyritic  ore  deposits, 

Mtf}arhrh\ — The  green  earbonate  of  copper  called  nialachile  is 
iisnall}^  found  in  small  amounts  at  the  cropping^  of  the  copper  de- 
jKisitH  where  limestone  forms  itie  inelo«ing  n>ck,  lis  principal  m-cnr- 
rence  is  on  Copper  Mountain^  wliere  surface  alteration  has  Iwen 
extensive  and  fornied  small  masses  of  this  carljonate  ore  in  the  gar- 
netiferous  and  limestone  gangue.  The  nKnle  of  cxTiirrence  is 
ntostly  in  narrow  seams  or  veinlets  and  as  an  incrustation  or  coating 
on  the  sulphide  ores.  Malacliite  is  associated  with  limoiute,  cliryso- 
colla,  and  small  amounts  of  azui'ite.  Its  high  copper  content  and  the 
facility  with  which  it  may  Ih-  reduced  make  it  a  very  valual>le  ore. 

.l^7fr/^f,— A^urite,  like  nmlachite,  is  a  carljonate  of  <'oi)per,  but  is 
distinguished  by  its  deeii-bhie  color.  Only  smalt  rtiruntnls  of  this  ore 
were  observed*  and  it  was  always  in  association  with  malachite  as  a 
siirficial  alteration  pnjdnct  of  the  sulphide  copper  ore^. 

(ItrfjHttrfAlih — The  hydrons  silicate  of  copt)er,  called  chrysocolla, 
like  nudachite  and  aKurite,  has  Ijccn  found  in  quantity  oid}^  at  the 
Ccqqier  Mountain  mine,  where  it  is  apparently  coniincd  to  the  sur- 
face workings  and  is  of  imly  minor  importance  as  an  ore. 

Quari2. — Quartz  is  the  most  connrion  and  most  important  gangue 
ndnenil  in  both  tlie  tissnre  and  the  hide  deposits*  It  nsuall}"  occurs  . 
as  massive  quartz  and  rarely  in  the  form  of  crystals.  At  Dolomi  in^M 
the  veins  along  lines  of  brecciation  in  the  limestone  it  forms  the  ^^ 
cementing  material  and  has  replaced  to  a  large  extent  the  sur-  ^ 
rounded  fragments  of  the  limestone*  At  Xihlack  in  the  copi>er  de-  ^f 
posits  it  is  associated  with  small  amounts  of  hematite  and  forms  ^^ 
what  is  termetl  '"jasper  ore/'  In  the  contact  inetamorphic  de- 
posits it  is  prestmt  in  only  small  amounts,  generally  crystallized  ami 
associated  with  ej>i<lote  and  garnet.  Many  of  the  crystals  are  doubly 
tenninaleil  and  from  1  to  10  centimeters  in  length,  many  of  them 
Iveing  twinned*  They  have  formed  subsequent  to  the  crystallization 
of  the  epidotc  and  garnet  and  arc  superimposed  on  them. 

^^f/r/Zc .^Calcium  carbonate,  commonly  known  as  carlKmate  of 
Itme,  Inis  the  most  widesj.iread  occurrence  of  any  gangue  mineral 
except  quartz.  It  is  readily  recognixed  by  its  perfect  cleavage  and 
its  softness,  Calcite  is  pnrticnlarly  i>rominent  in  the  contact  meta' 
morphic  deposits  and  is  asscjciated  with  the  galena  ores.  Where  it 
was  observed  occurring  with  garnet  and  epidote  it  was  invariably  of 
later  formation. 

Garnet, — -In  the  Ketchikan  district  garnet  forms  the  principal 
gangue  mineral  of  the  ctintnci-mctaniori)hic  deposits  and  is  eontined 
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for  the  moBt  part  to  the  altered  limestones  near  the  intrusive  cun-    ^M 
tuets.    Though  it  coiiiiuoiily  occurs  in  massive  form,  it  also  appeal's    H 
in  crystal  ag^^rcgate^  usiuitly  of  dodecahedral  form  emlxHldc*!  in  the       ■ 
ahered  liniestone.    The  separate  crystak  in  cross  sei'tion  show  ii  ctui-     ^m 
centric  structure  resembling  banded  agate^  being  made  up  of  green    H 
and  red  bands,  which  proliably  represent  a  flight  change  in  com-     ^M 
poj^ition  iluring  the  growth  of  the  crystals.    In  size  the  crystals  range    ^M 
from  1  to  5  centimeters  in  diameter,  the  faces  showing  a  stibada-    H 
muntine  luster,  though  in  mass  the  garnet  has  the  usual  luster.    To     " 
determine  the  variety  of  this  garnet  rock  a  sample  was  submitted     j| 
for  analysis,  and   the  results,  which   were  determined  by  W.   T.    ^M 
Scluillcr,  of  tlie  United  States  Geological  Survey,  are  compared  in  the     ^M 
following  table  with  garnet  rock  from  gtiier  localities:                          ^M 

^^P                                   |A3inly!»i^:  W.  T.  Hdifitlor.  ]  :  Ueuvm  Stel^r.  *2-4A                                 ^^H 
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1*  Giipuet  rock*  Jumbo  tnln^.  Prince  of  Wales  Island.                                                                    ^H 
2.  fiwrrje^  3H*jr*«[!c1,  ArlsE..  rrof,  I'nuer  T'.  S.  fknu.   Survey  Mu.  4H»  p.  VM.                            ^H 
a*  Mnsslvt'  hrowti  i^iirni't.  White  Knoli.  Idalio :  Kfonomlc  Oeoloey.  Vol.  L%  No»  U  p.  T-           ^^M 
4.  OarrH't,  Snt*  *Um\  M^sIchk  Trjins.  Am.  Inst*  MlQ.  Kttg,,  vuL  m,  p,  iVI.                           ^^^H 
^r  Typlf  111  t'riRipoHlilou  of  »ridrHi)Ui^.                                                                                           ^^^^H 
15.  Ty pit' 111  (.'uniposUluu  of  f^iusiiulai-ite.                                                                                   ^^^^H 

From  the  above  analyses  it  is  evident  that  the  greater  per  cent  of    ^M 
the  garnet  associated  with  the  contact*iiietamorphic  deposits  is  an-     ^M 
<lradite  and  not  gi-ossularite,  as  has  in  muuy  instances  Ijeen  supposed*     H 

The  garnet  masses  are  confined  principally  to  the  intrusive  con-     H 
tacts  with  a  limestone  of  nearly  pure  calcium  carbonate,  thus  suggest-     H 
ifig  that  a  vast  amount  of  foreign  material  must  have  been  lu'ouglit     H 
in  along  the  intrusive  contacts  to  have  produced  the  garnet  nuisses,     H 
Wbei'e  the  intrusives  invade  a  quailzite  country  rock,  the  garnet     ^M 
forniH  bands  interstnitifying  the  siliceous  beds,  and  many  of  these     H 
mineral   hands  extend  thousands  of   feet   from  the  contacts*     At     ^| 
Copper  Mountain  this  mineral  forms  a  massive  l>elt  20  to  50  feet    H 
wide  between  the  intrusive  diorite  and  tlie  limestone  countrj^  rock,     ^M 
ami  wcurs  In  veins  erosscutttng  the  limestone  beds  and  penetratiug     H 
the  intrusive  rock.    Included  in  the  garnet  masses  are  ciystallized     ^M 
particles  and  small  masses  of  chalcopyrite.  magnetite,  pyrrhotite,  and     H 
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rarely  pyrite,  all  of  which,  combined  as  they  are,  constitute  the  < 
ore. 

The  abiiandite  variety  of  garnet  occurs  in  gi'eat  abundance  in  the 
mica  and  chlorite, st'hist  near  tlie  mouth  of  the  Stikine  River.  The 
crystals  are  from  1  to  4  centimeters  in  diameter,  usually  of  dodecahe- 
dral  fonn.  with  trapezohedral  truncntions.  Though  abundant,  this 
mineral  has  not  been  extensively^  cut  as  a  gem  stone  on  account  of  its 
being  too  opaque  and  because  of  numerous  fractures  or  flaws  in  the 
crystals. 

Kpklote, — A  calcium-iron-alnminum  silicate,  called  epidote,  occui's 
largely  as  an  alteration  product  in  the  igneous  rocks  and  as  a  gangue 
mineral  in  the  contact -met  amorphic  deposits.  As  a  mineral  due  to 
contact  nietamorphism  it  forms  nuiny  large  crystals  associated  with 
garnet  quartz  and  calcite.  Specimens  of  this  mineral  from  the  Green 
Monster  copper  claims  were  sent  to  the  Harvard  mineralogical  labora- 
tory by  Mr,  W*  C*  Hart  and  liave  been  described  l^y  Dr.  Cliarles 
Palache.^ 

W(}UaHtonitt',—-lL\\^  metasilicate  of  calcium,  wollastonitCj  was  found 
forming  radiating  crystal  clusters  in  the  limestone  and  quartzites 
a  short  distance  from  but  not  at  the  intrusive  contact.  It  belongs 
ivith  the  contact-met  amorphic  minerals  of  tlie  region*  but  its  occur- 
rence away  fi-om  the  contact  suggests  that  the  conditions  necessary 
for  its  formation  wei-e  not  so  intense  as  those  required  to  produce 
the  garnet  and  epidote  wdiich  occur  at  the  contacts, 

Sea  polite. — Like  wolhistonite,  sea  polite  occurs  in  the  vicinity  of 
the  ore  deposits  and  is  a  calcium-aluminum  silicate  containing  soda 
and  chlorine*  It  occurs  in  pri.smatic  crystals  an  incli  or  tw^o  in  length 
with  rough,  uneven  faces  and  is  from  white  to  gray  in  color.  It  was 
found  only  in  the  vicinity  of  the  Copper  Moimtain  deposits  and  is 
not  of  common  occurrence, 

Amphihole. — The  hornblende  variety  of  amphibole,  a  ealcium-mag- 
nesium-iron  silicate,  is  a  prominent  gangue  mineral  in  some  of  the 
contact-metamorphic  deposits.  At  the  Stevenstown  mine  it  was 
observed  to  form  radiating  crystal  chisters  in  the  inclosing  altxired 
schists  and  was  intimately  associated  with  garnet  and  chalcopyrite* 
It  is  also  present  in  the  ore  deposits  at  the  Mount  Andrew  and  Mamie 
mines.  The  tremolite  variety,  calcium-magnesium  silicate,  occurs  as 
a  metamorphic  mineral  in  some  of  the  limestone  beds,  notably  in  the 
Ham  Island  marble  deposits  in  the  Wrangell  district. 

Fel(hpar.~The  presence  of  feldspar  in  small  amounts  was  noted 
in  several  of  the  vein  deposits,  more  especially  in  those  occurring  in 
the  band  of  crystalline  schists,  and  is  of  interest  because  of  its  prob- 
able relation  to  the  granitic  intrnsivea     The  variety  is  mainly  that 
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of  alhito,  which  occurs  in  the  quartz  veins  on  the  L<m  de  Van  daims 
lit  the  hoiiil  of  Geor^o  Inlet,  at  the  Birdseye  chum  to  the  sonth  of 
Jietcliikan.  and  at  other  localities.  At  the  Goodix)  prospects  near 
Kiirta  Bay  ulbite  is  found  as  a  vein  mineral  in  the  copper  deposits 
aivsoeialed  with  secondary  l>iotitG  and  epidote, 

Btof lie, —Flnkes  of  biotitej  commonly  termed  black  mica,  vcem 
noted  rarely  in  some  of  the  vein  deposits.  At  the  Lon  de  Van  pros- 
pect mentioned  above  it  in  associated  with  secondary  albite  and  at 
tlie  (loodro  ji^rospects  it  is  a  prominent  nuneral  constituent  of  the 
copper  orea  Its  prewnc^e  in  these  deposits  suggests  that  conditions 
of  moderately  high  tcmpcruture  existed  during  the  ore  deposition, 

Clmochlorc, — ^ClimK^hlore,  a  soft  bliiish-green  micaceous  niinerab 
was  observed  in  considerable  amounts  occupying  small  druses  and 
finely  disseminated  in  some  of  the  copper-ljearing  magnetite  deposits 
on  Kasaan  Peninsula, 

DETAILiKIl  DESCRIP110N8  OF  MITOIS  A^TD  PIlOSFKCTra. 


GENEHAL  STATEMENT. 

A  great  many  prospects  and  mine  workings  of  moderate  extent  are 
located  in  the  Ketchikan  district^  but  the  developed  and  prc^ducing 
miners  are  few.  During  the  few  months  devoted  to  field  work  in  this 
region  nearly  200  kK*alities  were  examined,  including  all  of  the 
important  mines  and  prospects.  In  the  following  descriptions  the 
properties  are  grouped  first  according  to  their  chief  metal  content  and 
then  taken  up  in  geographic  order.  Copper  is  and  probably  will  \h} 
I  lie  principal  metal  product  of  the  district  and  is  therefore  considered 
first,  ^followed  by  gold  and  the  less  important  metals.  The  geology 
of  the  regicm  as  a  whole*  the  relations  of  the  <Jre  deposits,  antl  the 
mode  of  occurrence  of  the  minerals  have  been  (hscussed  in  the  fcn^e- 
going  pages^  and  while  consulting  the  following  detailed  descriptions 
these*  general  descriptions  should  l>e  kept  in  mind.  In  the  following 
pages  one  of  the  principal  typical  deposits  of  a  locality  is  generally 
selected  and  described  in  considerable  detaih  and  the  other  deposits 
iii-e  next  discussed  according  to  their  importance  and  the  degree  in 
which  they  vary  from  the  type  deposit.  At  the  close  of  these  descrip- 
tions the  building  stones  and  the  mineral  and  thermal  springs  are 
discussed  briefly. 

COPPER  MINES. 

Copper  does  not  occur  uniformly  throughout  the  districts.  Irregu- 
lai*  len.ses  or  masses  of  the  ore  are  present  in  the  altered  greenstone 
BchiBts  at  Nibhick;  in  the  vicinity  of  (.  oppt»r  Mountain  und  on  Kiisaan 
P(*mnsnla  they  are  found  at  the  contact  of  granitic  intrusives  with 
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linitie»toiR'  uuil  siliceous  schist.s,  an*!  veinj^  of  nearly  massive  sulphide 
ore  occur  in  a  belt  of  slate-greenstone  schist  along  the  shores  of  Hetta 
Inlet  and  at  the  liead  of  North  Amu  In  a  general  waj  these  ore 
li(MlieH  ure  t>o  irregular  thsit  the  rule  to  observe  in  exploitation  is  to 
follow  the  ore  and  not  drive  long  crosscut  tunnels  with  the  expectu- 
tion  of  undercutting  the  deposit  in  depth.  The  bidk  of  the  copper 
ore  i.yehalcopyrile  and  eiipriferouH  pyrile,  accompanied  hj  magnetite, 
pyrrhotite,  and  otlier  sulphide  mi!ierals,  With  one  exception,  car- 
bonate and  oxide  ores  lire  practically  absimt,  and  the  zone  of  second- 
ary concent  ration  or  surface  enrichment,  prominent  in  most  copper 
deposits,  is  wanting  or  in  too  small  in  extent  to  be  important.  In  gen- 
eral  it  may  be  stated  that  where  a  sulphide  ore  is  being  mined  in 
these  districtH  the  values  in  the  ore  will  not  decrease  rapidly  with 
increadng  depth, 

HKTTA  ISfLBT. 
4IENEEAJ.  t>KSC»IPT10K, 

All  of  the  most  important  discoveries  on  the  west  coast  of  Prince  d? 
Wales  Island  are  contiguous  to  Hetta  Inlet,  a  deep  embaymeut  which 
is  connected  with  the  Piicitic  Ocean  through  Cordova  Bay  (see  PL  I), 
The  increasing  importance  of  this  area  led  to  the  survey  of  the  water- 
ways from  the  head  of  Hetta  Inlet  to  the  Pacific  Ocean  during  the 
early  part  of  1905  by  the  Coast  and  Geodetic  Survey,  With  the  aid 
of  the  chart  of  this  section  ocean-going  steamers  may  approach  Cop- 
l>ermount  and  Sulzer  with  safety. 

Tlie  head  of  Hetta  Inlet  is  separated  from  tlie  west  arm  of  Choi- 
niondeley  Sound  by  a  low  divide  4  miles  acroj^  and  less  than  200  feet 
high.  The  Govermnent  has  built  a  roadway  between  the  two  water- 
ways which  permits  the  shipment  of  light  freight  and  increast^s  the 
mail  facilities  over  this  relatively  short  route  from  Ketchikan  to 
Sulzer  and  Coppermount,  Heavy  freight  and  supplies  are  deliv- 
ered by  vessels  frtJiu  Paget  Sotmd,  which  fx^casionally  call  at  the 
mining  camps  along  the  inlet,  and  by  small  steamers  from  Ketchikan, 
a  distance  of  100  niiU^s  l>y  water* 

Tlic  shores  of  Ilctta  Inlet,  like  other  parts  of  the  coast,  rise  precipi- 
tously from  the  water\s  edge,  and  the  main  channel  and  tlie  harljors 
lire  deei>.  The  steep  mountains  terminate  in  peaks  from  2,500  to  8,800 
feet  in  elevation,  many  l>eing  less  than  than  a  mile  from  tide  water,  A 
luxuriant  growth  of  timber  and  vegetation  extends  to  an  altitude  of 
2,000  to  2,500  feet,  and  above  this  the  mountains  are  hare,  permitting 
broiitl  views  of  the  surrounding  ivgion.  Many  inland  lakes  mv  in- 
cluded in  the  area,  and  their  outflowing  streams  furnish  abundant 
water  pcnver  tlie  year  around.  This  advantage  and  the  accessible 
supply  of  timber  are  exceptionally  favorable  for  mining. 
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The  accompanying  sketch  map  presents  the  geologic  relations  as 
well  as  the  positions  of  the  mines  (PL  IX).  An  intrusive  stock  or 
boss  of  gi'anodiorite  8  miles  wide  occupies  the  central  part  of  the  field 
and  is  surrounded  by  irregular  areas  of  limestone  and  quartzite.  The 
geologic  age  of  these  bedded  rocks  is  Paleozoic.  The  determination 
is  based  wholly  on  their  lithologic  and  structural  features,  as  no 
fossil  evidence  was  obtained.  The  limestone  has  l)een  so  completely 
metamorphosed  to  coarsely  crystalline  marble  that  its  bedding  planes 
are  no  longer  apparent.  The  quartzites,  which  have  a  schistose  and 
wrinkled  structure,  overlie  the  limestone  and  are  in  turn  overlain  by 
a  wide  belt  of  greenstone  schists,  which  border  the  shores  of  Iletta 
Inlet.  The  general  strike  is  N.  15°  to  45°  W..  and  the  dip  is  steep 
to  the  w^est,  though  this  has  been  interrupted  in  the  vicinity  of  the 
intrusive  granite  boss  where  the  stratified  rock  beds  are  usually  par- 
allel to  its  contact.  Small  areas  or  patches  of  limestone  occur  within 
the  granodiorite  area  where  erosion  was  not  sufficient  to  remove  them. 
The  coarsely  crystalline  character  of  the  intrusive  and  the  alteration 
of  the  limestone  at  points  distant  from  the  ccmtact  indicate  that  these 
I'ocks  were  deeply  buried  at  the  time  of  nietamorphism  and  are  a 
measure  of  the  extent  of  subsecpient  erosion. 

After  the  erosion  of  the  granodiorite  and  after  the  deposition  of  the 
ore  bodies,  dikes,  usually  narrow^  of  diabase  and  diorite-porphyrite 
were  injected.  These  dikes  have  no  bearing  upon  the  vein  deposits 
except  at  those  places  where  they  crosscut  them  along  lines  of  frac- 
ture, as  at  the  Copper  City  and  Corbin  mines. 


ORK    I)K1»()SITS. 


Diati^ihution. — The  principal  ore  bodies  in  Iletta  Inlet  are  on  the 
Copper  Mountain,  Jumbo,  Houghton,  and  (ireen  Monster  groups  of 
claims,  and  are  contact  metamorphic  deposits,  confined  principally  to 
the  aureole  of  the  granodiorite  in  either  limestone  or  quartzite.  The 
deposits  at  the  Corbin  and  Copper  City  mines  are  vein  deposits  of 
massive  sulphide  ore  in  the  outlying  greenstone  schists  which  border 
the  shore  of  Hetta  Inlet. 

EffecU  of  contact  mctamorpluHtu, — The  intrusion  of  the  granodio- 
rite batholith  appears  to  have  all'ected  an  alteration  of  the  adjacent 
sediments  for  only  a  few  thousand  feet  from  the  contact.  Nearer  tiic 
contact  the  influence  of  this  intrusive  on  the  stratified  rocks  is  evi- 
dent only  in  the  quartzite  or  schistose  beds  by  the  develoj)ment  of 
wollastonite  and  some  garnet  and  epidote,  while  the  crystalline  lime- 
stone strata  are  apparently  unaltered.  These  facts  go  to  show  that 
regional  nietamorphism  previous  to  the  granodiorite  intrusion  was 
apparently  so  intense  as  to  render  the  rocks  little  susceptible  to  fur- 
ther changes. 
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The  changes  within  the  contact  aureole  due  to  the  indirect  effect 
of  the  intrusive  mass  or  hydrnthermal  inetRmorphism  were  cauit^d 
by   the   vapors  and   liquid   solutions  emanating   from  the   igneou^^ 
uiaginH  during  the  period  of  its  solidification.     In  the  present  in^^ 
stance  this  action  has  extended  much  farther  than  the  direct  con- 
tact metamorphism  and  has  produced  wide  deposits  and  veins  of 
garnet  and  epidote  in  which  the  ores  occur.    The  mineral-bearing 
solutions  given  off  from  the  unsolidified   portions  of  the  igneous 
uuusses  penetrated  the  adjacent  limestone  and  quaitzite  beds,  niuirdy 
along  the  granodiorite  contact,  dissolving  cliannels  into  the  lime- 
stone, though  often  taking  advantage  of  preexisting  fissures  in  both 
the  limestone  and  granodiorite.     During  tlieir  asceut  the  thermic  an^^ 
other  conditions  of  the  aqueous  solutions  changed  and  their  minerQ^^| 
ctmtents  were  precipitated  by  the  limestone  and   meteoric  waters 
and  gradual]}"  filled  the  channels  and  fissures*     The  contact  meta-^^ 
morphic  deposits  thus  formed  are  composed  essentially  of  a  massivi^B 
garnet -epidote  rock,  varying  from  a  reddish  to  a  greenish  color,  in 
which   grains  of   chalcopyrite,   pyrrliotite,  and   magnetite   are  dis^ 
seminated*    In  places  the  rock  has  a  decided  granidar  texture^  hot 
the  garnet  and  the  epidote  having  their  crystalline  forms,  and  in  thi~ 
the  sulphide  ore  is  usually  found  in  small  masses  accompanied  by 
calcite    and    quartzite.     The    width    of    the    contact    metamorphic 
dej>nsits   ranges   from   25   to  -250   feet   and   the   inclosing  walls  are 
sharply  limited  where  formed  of  limestone,  but  the  altered  quartzite 
boundaries  were  less  well  defined.    Smaller  bodies  of  this  vein  mate- 
I'ial  are  found  in  fissures  branching  from  the  contact  both  into  the 
liuiestone   and    into  the  granodiorite,   the   lateral    extent   of  thes 
being  usually  less  than  1.000  feet.     A  description  of  both  the  oe 
and  the  gangue  minerals  found  in  these  deposits  is  contained 
this  report  under  the  heading  ''  Ore  minerals  •'  (p»  85)< 
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General  description,— The  Copper  Mountain  group  of  claims  o| 
the  Alaska  Copper  Company  stretches  northward  from  tide  wat 
at  Copper  Harbor  across  the  crest  line  of  a  ridge  which  forms 
i^pur  of  Cop[>er  Mountain  (PL  IX).  The  pi'iucipa]  developments 
are  along  the  crest  of  the  ridge  at  an  altitude  of  over  3,000  feet,  where 
the  discoveries  of  copper  were  first  made.  Prospectirig  ou  Copper 
Mount aiu  began  in  1807  and  investigations  followed  the  disco v-^ 
eries  until  early  in  1000,  when  the  properties  were  purchased  by  tl 
Ahiska  Copper  Comiiany* 

Developments  were  rapidly  made  by  this  company  and  include 
the  construction  of  buildings  and  a  large  wharf.     In  1902  sever 
shipments  of  ore  were  niade  to  the  Tacoma  smelter,  about  500  ton 
in  all^  and  they  are  reported  to  have  yielded  nearly  $18,000, 
1903  and   1904  there  was  no  production,  and  developments  wer 


a 
d 


ma 


COPPER    MINES, 


97 


confined  tc*  the  erection  of  a  hinelting  plant  and  a  power  plant  and 
the  extension  of  a  crosscut  tunnel  to  undercut  the  ore  body  1,000 
feet  below  its  outcrop.  In  Octolier,  1905j  these  improvements  were 
completed  and  smelting  of  the  ore  was  begun. 

3fme  development, — ^The  principal  exploitations  have  l>een  made 
by  means  of  open  pits  or  '*  glory  holes  '*  on  New  York  and  Indiana 
claims  at  nltitudes  of  3,300  and  S,r>00  feet,  respectively.  At  150  feet 
and  300  feet  below  surface  outcrops  tw^o  tunnel  levels  have  been  driven 
for  undercutting.  The  upper  level  consists  of  i>00  feet  of  tunneling 
and  the  second  level  700  feet  of  tunneling  wnth  upraises  to  the  surface. 
A  long  tunnel,  including  3,000  feet  of  underground  workings,  enters 
ihe  mountain  at  an  elevation  of  2,350  feet  and  undercuts  the  ore 
iKjdies  at  a  depth  of  1,000  feet.  Thit^  lowest  tunnel  follows  the  con* 
tact  zone  of  the  gniiiodiorite,  first  w^ith  quartzite  and  then  with  lime- 
stone. Its  general  ctourse  is  nortlieasterly  to  a  pttint  1,400  feet  from 
its  nioutli,  where  it  branches,  the  left  or  northw^esterly  branch  contluii- 
ing  for  Severn  1  hniulred  feet  along  the  contact  to  a  point  almost 
directly  under  ihe  .surface  outcrop  on  the  New  York  claim,  while  the 
tiortheasterly  branch  penetrates  the  massive  granite  belt  for  700  feet 
toward  the  Indiana  lode,  which  lies  along  the  eastern  contact, 

The  total  mine  developments  at  the  close  of  1906  are  rougldj  esti- 
mated  at  4,200  feet  of  tunneling  and  -lOO  feet  of  shaft  sinking  and 
raises,  besides  much  open-pit  work.  The  ore  was  chiefly  mined  from 
the  upper  workings  on  the  Kew  York  claim  and  delivered  to  the 
smelter,  over  a  cable  tram  (iOOO  feet  in  length- 

Smelter, — The  smelting  plant  is  close  to  tide  wat^r  at  the  head  of 
Copper  Harbor  and  consists  of  a  ^50-ton  Allis-Chalmers  blast  furnace, 
ore  bins  of  2,.500-ton  capacity,  coke  bins  of  l,2004on  capacity,  and  u 
Hample  mill,  besides  the  usual  applinnct^s  for  the  granulation  and  re- 
moval of  the  slag  (Pb  X,  J.),  The  ore  from  the  Copper  IVIountain 
mine  is  dellvei'ed  to  the  sample-mill  bin  hy  an  neritd  tramway  (utK)0 
feet  h>ng,  while  the  ore  shipped  to  the  smelter  is  unloaded  into  receiv- 
ing bunkers  of  1,000-ton  capacity  on  the  wharl  and  from  these  ig 
drawn  off  into  cars  and  hoisted  on  an  inclined  tramway  to  the  sample 
milk 

In  addition  to  the  smelting  plant  there  is  a  sawmill,  blacksmith 
and  machine  shop,  stor^  and  w^arehouse,  assay  office,  and  compressor 
plant.  All  of  the  necessary  machinery  at  both  of  the  mines  and  at 
ihe  smelter  is  run  by  wfttt*r  power  derived  from  Reynolds  Creek. 
The  water  is  transmitted  hOOO  feet  by  a  22- inch  pii>e  line  to  the  com- 
pressor plant,  where  two  water  wheels  develop  300  horsepower.  The 
smelter  was  first  operated  for  an  experimental  run  in  June,  1005.  anri 
sin(*e  then  has  l>een  operated  at  in^egular  intervals.  In  the  summer  of 
1SKH>  a  large  tonnage  of  ore  was  smelted  with  a  considerable  produc- 
40840— Bun,  347^08 — ^7 
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tioii  of  matte*  Iii  <>itol>er,  1906,  the  ^suielter  wai?  closed  pending  a  re- 
ovgiiuhnUon  of  the  company  and  no  attempt  was  made  to  operate  it 
during  1907- 

Ore  hodiei^.—^v^o  principal  ore  bodies,  the  New  York  and  Indiana 
lodesj  are  worked  on  the  Cox>per  Mountain  groiip  of  clainis^.  The  out- 
crops are  on  the  crest  of  the  mountain  ridge  at  elerationts  of  3,1^00 
and  H,r>00  feet,  re.spectively.  Both  are  contact  met  amorphic  depositj^ 
similar  in  mode  of  occurrence  and  origin  and  separated  from  each 
other  by  a  belt  of  granoiliorite  800  feet  wide. 

The  ore  body  exposed  on  the  New  York  claim  occurs  at  the  contact 
of  the  granodiorite  with  limestone,  along  w^hich  it  has  been  exposed 
by  JL  long  tunnel  and  by  surface  cuts  for  2,000  feet.  In  the  tunnel 
(he  width  of  the  deposit  varies  from  10  to  50  feet,  and  the  ore  is  con- 
fined to  the  garnet-epidote  contact  rock.  At  the  surface  workings, 
however,  the  copper  ores  have  l)een  spread  out  into  the  somewhat 
fractured  limestone  hanging  wall  (PI*  X,  B),  This  spreading  is 
attributed  to  the  action  of  meteoric  watei-s,  which  has  also  altered  fl 
the  original  sulphide  ore  into  an  oxide  and  carbonate  ore,  occurring  ^ 
in  the  form  of  pockets,  small  pipes,  and  gashes  in  the  garnet  gangue 
nick  and  in  the  limestone  hanging  walk  This  action,  however,  has 
not  taken  place  everywhere,  and  the  unaltered  sulphide  minerals  in 
the  garnet-epidote  gangue  rock  are  not  uncommon  at  the  surface. 
Such  alteration  is  absent  at  the  tunnel  level  about  1,000  feet  below 
the  surface  pit,  and  will  probably  rapidly  decrease  and  become  want- 
ing within  a  few^  hundred  feet  of  the  surface* 

The  Indiana  lode  lies  about  800  feet  northeast  of  the  New  York 
lode  and  is  parallel  to  the  eastern  contact  of  the  outlying  granodiorite 
belt  indicated  on  the  nuip  (PL  IX),  The  garnet-epidote-calcite  rock 
and  the  inclosing  rock  extends  across  a  width  of  nearly  500  feet* 
They  are  cut  by  a  network  of  quarts^  stringers  and  include  masses  of 
riyshilline  limestone.  The  ore  occurs  irregularly  and  is  not  con- 
fined to  the  eontact.  H 

The  present  workings  are  on  irregular  ore  masses  near  the  con-  i 
tact,  but  the  limits  ami  extent  of  these  are  but  little  known.  In 
tuigin  and  character  of  mineralization  this  lode  is  similar  to  the  New 
York  lode,  but  the  values  contained  are  lower  and  more  scattered. 
Tlie  ore  is  composed  of  l>oth  carbofuite  and  sulphide  minerals  of 
I'opper  and  contains  from  $1  to  $2  in  g<:)ld  and  silver  values.  Tunnels 
have  lx»en  driven  at  points  40  to  220  feet  IjcIow  the  floor  of  the 
surface  pit  in  order  to  investigate  this  deposit  in  depth.  The  ex- 
tension of  the  main  tunnel  at  the  2,S00-foot  level  will  undercut  this 
lire  body  1,150  feet  below  its  surface  exposure.  The  ore  from  this 
mine  is  transported  by  a  surface  tram  1,400  feet  in  length  around  the 
joutli  side  of  Copper  Mountain  to  the  head  of  the  aerial  tram  at  the 
claim. 
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JUMRCJ    tiWOUT** 

iSiiuatimK — The  claim.s  uf  the  Jiiniho  group  belonging  to  the 
Alaskn  Industrial  Company  occupy  the  sloi>es  of  Jiimhn  basin  on 
the  northwest  side  of  Copper  Mountain*  The  claims  extend  fi'oni 
a  point  500  feet  in  elevation  and  1  mile  from  tide  water  to  near  the 
mountain  summit,  S,850  feet  in  elevation.  Two  main  deposits  are 
l*eing  explored,  one  between  1,500  and  1^900  feet  on  the  east  slope  of 
Jrimbo  busin  on  the  Jumbo  claims  Nos.  1,  lAj  and  %  and  the  other 
tx*tween  1^600  and  t?,0O0  feet  elevation  on  the  Jumbo  claims  Nos, 
i  and  14» 

DevelojmienL-^lnvQstigation  of  the  Jumbo  group  began  in  1902. 
and  during  the  succeeding  years  varionis  prospect  tunneU  were  driven 
and  test  pits  sunk  on  the  dili'erurit  claims.  After  a  promising  ore 
liody  was  opened  on  the  claims  Nas,  4  and  14,  located  at  1 JOO  feet 
i*levation  and  8,-500  feet  from  tide  water,  it  was  next  necessary  to 
devise  a  means  of  transporting  the  ore  to  tide  water.  For  this  pur- 
jKise  a  Riblett  aerial  tram  8,250  feet  long  and  an  additional  aerial 
tram  GOO  feet  long  wei'e  erected  in  1905-0,  thus  connecting  the  l>each 
with  the  lower  tunnel  of  the  mine  workings,  1,700  feet  above  sea.  At 
the  beach  a  wharf  with  150  feet  of  frontage  was  built  and  ore  bins  of 
4,000  tons  capacit}^  erected.  AVhile  ihis  was  being  done  developments 
of  the  ore  deposits  were  advanced,  and  early  in  lOOT  shipments  of  the 
ore  to  the  Ty^  smelter  Ln  British  Columbia  began. 

Ore  depoMts,-^The  general  rock  relations  of  this  area,  which  are 
similar  to  those  shown  at  the  Copper  Mountain  group  previously 
described,  are  presented  on  the  geologic  map  of  Iletta  Inlet  (PL 
XI),  The  main  granodiorite  boss  forms  the  foot  wall  of  the  deposit j 
ihe  hanging  wall  being  in  some  places  a  crystalline  limestone  and  at 
others  an  altered  tpiartxite  of  a  banded  structure,  varying  from  a 
white  to  a  reddish  or  gn^enish  cokir. 

The  copper  deposit  being  mined  is  on  Jiimbo  claim  No,  4,  and  con- 
i*ists  of  an  irregidar  !x)dy  of  chalcopyrite  ore  30  in  40  feet  wide,  120 
feet  long,  and  about  110  feet  in  depth,  occupying  a  nearly  vertiral 
position.  The  contact  y.one  in  which  this  occurs  is  200  feet  in  witlth 
at  this  point,  granite  formiug  the  foot  wall  and  limestone  the  hangiug 
wall.  The  limestone  iieds  are  fractured  and  faulted,  and  masses  of 
this  rock  are  compk4ely  surrounded  by  the  garnet-epidote  contact 
nH*k,  Mineralized  nmsses  of  garnet-epidote,  completely  snrrotmded 
by  the  limestone,  are  also  exposed,  thus  suggesting  a  replacement  fif 
the  lijne.stone  by  the  ore-bearing  minerals.  On  the  ffMit-wall  side 
there  is  no  definite  separation  between  the  contact  nx^k  and  the  grano- 
diorite, the  mineral  solutions  having  also  replaced  the  mineral  com- 
ponents of  this  roc^k,  though  less  extensively. 

The  ix)ntact  rot^k  has  a  compact  felsitli^  texture,  and  is  locrally 
called  felsite,  though  it  is  coinposed  imiinly  of  gurnet  and  epidote, 
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Kear  the  ore  masses  this  rm.*k  Ix^ci>ihes  rimrst4y  crystttHized,  the  gairiiet 
Eirnl  epidot<?  form  vng^  of  woll-devi'Ii^pod  erv.stals,  cakite  occurs  in 
small  veinlets  and  !imssc8»  and  chalcopyrile  may  be  observed  in  scat- 
tered  particles.  Except  sncli  local  changes  there  are  no  indications 
within  the  contact  zone  Aviiicli  may  be  used  tta  a  guide  in  the  search 
for  tliese  ore  niassen.  Those  points  where  the  limestone  is  in  ccmtact 
with  the  granodioritc  appear  to  l>e  most  favorable  for  the  occurrence 
of  the  ore  deposits.  Besides  the  minerals  already  mentioned  scapo- 
lite,  wollastonite,  specula  rite,  and  molybdenite  are  present  in  small 
amounts. 

The  mine  ivorkings  on  Jumbo  claim  No.  4  consist  of  four  tunnels 
between  1,550  and  1,050  feet  in  elevation  and  an  open  cnt  at  !2,050 
feet  elevation.  The  nniin  working  timnel,  or  tunnel  Xo.  B,  is  situated 
at  an  elevation  uf  1,700  feet  mid  is  iiSO  (wt  in  length.  At  a  i^oint  180 
feet  from  its  mouth  a  l30-foot  vertical  raise  connects  this  level  with 
the  St  opes  in  the  ore  body  and  tunnel  No,  2.  At  a  point  40  feet  above 
the  tunnel  a  small  slope  has  Vjccii  extended  t<)  tlie  west  on  what  is 
supposed  to  Ije  the  bottom  of  the  main  ore  body,  and  30  feet  above 
this  a  CO* foot  exploratory  drift  has  l>een  extended  to  the  east  into  the 
ore.  The  floor  of  the  main  stope  is  100  feet  above  the  level  of  tunnel 
No.  3.  The  stoj^e  is  100  feet  long,  20  to  40  feet  iu  width,  and  extends 
for  30  feet  above  the  level  of  tunnel  No,  2.  The  ore  mined  goes 
through  this  raise,  whenee  it  is  tnnnmetl  to  the  upper  terminal  of  the 
aerial  tramway,  and  from  there  it  is  transported  to  the  ore  bunkers  at 
the  beach. 

In  Canyon  Creek  200  feet  to  llie  southeast  af  timnel  No*  2  surface 
mining  and  ex[>loratory  tunnels  are  being  extended  iui  the  supposed 
continnatiim  of  this  ore  body.  Tunnel  No.  1  at  1,1150  feet  elevation 
crosscuts  the  Umestone  f(»r  50  feet  and  enters  the  contact  roi*k  for  15 
feet,  in  which  indications  of  ore  are  shown.  Tunnel  No*  4  has  re- 
cently been  started  at  a  point  1,5T0  fe^t  in  elevation  on  a  level  with 
the  upper  terminal  of  the  main  aerial  traniway.  It  is  planned  to 
e^etend  thi^i  tunnel  lo  umlercut  tlic  present  mine  workings,  witli  which 
it  will  be  connected  by  a  raise*  through  which  the  ore  will  be  et»n- 
veyed,  thus  eliminating  the  necessity  of  the  auxiliary  tramway  from 
tunnel  No.  3. 

The  upper  workings  are  on  Jumbo  claim  No.  14  just  above  tunnel 
No.  1  at  2,050  feet  elevation.  Thest^  consist  of  an  open  cut  and  sur- 
face stripping  across  a  width  of  100  feet.  The  irregularity  of  the 
deposits  and  the  sjioradie  uccurrence  of  the  ore  is  well  shown  here. 
At  one  piunt  a  face  of  massive  sulphide  ore  6  feet  acros^s  is  sur- 
rounded by  the  barren  gangue  rock;  at  other  points  sulpliides  were 
finely  disseminated  in  the  riK-k  iu  sufllcient  amount  to  make  a  low- 
grade  ore. 

The  ore  body  on  Juml>o  (*laims  Nos.  t,  I  A,  and  2  is  characterized 
Jby  lower  values  in  cop]>er  than  in  the  deposit  on  Jumbo  claim  No.  4^ 


and  by  a  krgt*  percentage  of  magnetite,  which  mineral  was  con- 
spicuously absent  in  the  former  deposit.  Granite  forms  the  fix)t- 
wall  and  both  limestone  nnd  qiiartzite  (he  hanging-\Yan  side*  Erosion 
has  exposed  the  ore  body  over  broad  areas,  so  that  it  appears  to  form 
a  relatively  thin  covering  on  the  granodiorite^  and  becomes  thinner 
iiH  the  elevation  increases.  The  depi>sit  (Hiterops  in  this  manner  lie- 
tween  the  1,500  and  2,000  foot  contours,  hut  ijxjve  i^,000  feet  graoo- 
diorite  alone  was  observed.  This  contact  deposit  between  the  hang- 
ing mid  foot  walls  generally  varies  from  10  to  tlO  feet  in  wiflth,  but  in 
places  it  is  altogether  absent,  and  the  granite  and  limestone  are  in 
ilirect  contact  with  each  other,  as  was  observed  at  a  point  a  few  hun- 
dred yards  northwest  of  the  workings. 

The  liighest  oi>ening^  are  1,8^*0  feet  in  elevation  on  Jumbtj  claim 
S%K  1,  where  a  suiall  o|)en  cut  exposes  considerable  copper  carbonate 
ore  and  limonitc  in  si  bunded  gurnet^epidote  gangne.  This  is  tmly  a 
.surface  alteration  and  disappeared  at  a  <lepth  of  a  few  feet*  Jnst 
s<inth  of  this  the  depiisit  forms  a  steep  hinff  100  feet  high  and  exposed 
over  a  width  of  100  feet.  Masses  of  sulphide  ore  accompanied  by 
magnetite  were  obs^erved  along  the  foot  of  this  bluff  where  ctmsid- 
erable  surface  stripping  had  been  done.  At  1,GC0  feet  above  sea  a 
tunnel  ^5  feet  long  running  N,  30"^  E.  crosscuts  the  limestone  hang- 
ing wall  for  20  feet,  then  penetrates  a  10-foot  band  of  epidotc  prac- 
tically bariTn  of  ore,  followed  l>y  15  feet  of  crystalline  limestone,  and 
finally  enters  a  belt  of  banded  garnet -epidote  rock  for  50  feet  with- 
out exposing  the  granodiiirite  foot  walh  In  the  face  of  the  txmnel 
snndl  anjonntii  of  sulpliide  ore  are  scattered  throughout  the  garnet- 
epidote  gangne^  but  as  a  wdiole  the  rock  did  not  appear  to  carry 
^uflii'ient  copper  to  constitute  an  <u\\  About  100  yards  east  of  this 
tunneh  at  1,580  feet  elevation*  on  Jumbo  claim  No.  2,  the  ore  body 
is  again  exposed  over  a  consideralile  area  and  is  richer  in  sulphide 
ore.  Two  tunnels  crosscut  tlie  ore  deposit,  one  l/»40  feet  in  elevation 
and  the  other  L4S0  feet.  The  upper  tunnel  starts  in  the  deposit,  pene- 
trates it  for  50  feet,  and  enters  the  gi'anodiorite  foot  wall  for  0  feet* 
The  line  between  the  ore  body  and  the  foot  wall  was  well  defined,  but 
there  was  no  gangue  present  and  the  ore  was  closely  welded  to  the 
granite.  JJear  the  fai*  of  the  tunnel  or  foot  wall  the  ore  is  of  a  fine 
texture,  rich  in  epidote  and  magnetite*  and  carries  but  a  small  amount 
of  sulphide,  whereas  at  the  entrance  to  the  tunnel  the  gangue  was 
nntih  np  of  garnet  containing  small  masses  of  chalcopyrite.  The 
tunnel  jnst  Inflow  this  crosscuts  the  limestone  hanging  wall  for  55 
feet  anrl  enters  the  ore  l>ndy  for  9  feet.  The  extension  of  this  con- 
tact metamorphic  deposit  on  pTumbo  chiim  Xo,  lA  has  been  exposed 
hv  two  tunnels,  one  above  tlie  other,  at  7M>  and  810  feet  eleviititai. 
The  upper  tmmel  penetrates  n  hnnded  garnet  toot  wall,  and  about 
25  fef't  from  its  entrauce  coubiderable  sulpliide  ore  was  exposed. 
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In  the  lower  tmmel,  which  is  240  feet  in  length,  the  hanging  wall 
exposed  at  the  entrance  is  a  reddish  to  dark-greenish  indurated 
quartzite  grading  into  the  banded  gamet-epidote  rock  near  the 
tunnel  face,  where  tlie  granite  foot  wall  is  exposed,  Tlie  contact 
nietamorphic  deposit  at  this  point  is  nearly  100  feet  wide,  but  the  ore 
in  it  is  scattered  and  as  a  whole  is  of  lower  grade  than  that  exposed 
on  the  upper  claims.  The  observations  indicate  that  this  deposit 
will  be  confined  to  the  contact  of  the  granodiorite  foot  wall  and  along 
this  contact  the  occurrence  of  ore  will  be  sporadic,  the  sulphide 
minerals  occurring  in  masses  or  within  limited  contact  areas  con- 
nected with  one  an<3ther  by  the  more  or  less  barren  garnet-epidote 
gangue  rock.  The  average  ore  fmm  this  deposit  contains  a  high 
|>ercentage  of  iron  and  nearly  sufficient  silica  for  smelting  purposes. 
Besides  its  copper  content  assays  show  values  in  gold  and  silver. 
The  advisability  of  concentrating  the  ore  by  separating  the  magne- 
tite from  it  and  thus  reducing  its  iron  content  is  still  to  be  deter- 
niined- 

Situatiofi, — ^The  Green  Monster  group  of  claims,  belonging  to  the 
Alaska  Industrial  Compauy,  occupies  the  northern  and  western  slopes 
of  Green  Monster  Mountain,  2i  miles  due  east  fi'oni  Copper  Mountain 
and  3  miles  from  the  tide  flats  at  the  head  of  Iletta  Inlet.  From  the 
latter  point  a  ti*ail,  crossing  two  lakes  each  half  a  mile  wide,  at  alti- 
tudes of  €00  feet  and  1,080  feet,  respectively,  leads  to  the  principal 
mine  workings  at  an  elevation  of  2,800  feet*  Another  approacli 
to  these  claims  is  fi'om  Copper  Harbor  across  a  sexies  of  tbi*ee  lakes 
(indicated  on  the  map,  PL  IX). 

Development, — Although  these  claims  were  located  in  1900,  de- 
velopments have  been  meager,  and  no  attempt  has  been  made  to 
advance  the  investigation  beyond  the  required  assessment  work.  Two 
timnels  have  been  driven,  one  on  Green  Monster  claim  No.  1,  65  feet 
in  length,  the  other  on  Diamond  B.  claim,  also  05  feet  long.  On 
lola  claim  a  pit  8  feet  deep  has  been  sunk  and  trenches  dug  along 
the  ore  body. 

Ora  bodim. — Ore  bodies  at  the  contact  of  the  limestone  and  granite 
are  shown  on  the  lola,  Black  Warrior^  and  Diamond  B.  claims  (Ph 
XI).  The  deposit  on  the  lola  claim  has  been  opened  by  a  small 
pit  and  surface  stripping,  and  consists  of  a  mass  of  magnetite-chal- 
eopyrite  ore  10  feet  in  width  inclosed  in  the  garnet-epidote  gangue, 
which  at  this  point  occupies  a  width  of  alK>ut  25  feet  between  the 
limestone  hanging  wall  and  the  gi*anodiorite  foot  walk  Along  this 
contact  other  smaller  ore  masses  were  observed  on  the  lola  and  Black 
Warrior  No»  2  claims,  but  were  apparently  of  little  conscfiuence.  On 
the  Black  Warrior  clairus  Nos.  1  and  o  similar  ore  bodieii  occur  ad 
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jarent  to  the  granite  and  limestone  contact  and  in  a  black  slate  band 
alnn^  (he  nmuiitain  crest  striking  N.  30""  W.,  but  these  have  not  Imhhi 
|>ruH[>ect(K.L  On  the  Diamond  B>  claim  a  tunnel  Go  feet  in  length  han 
lR*en  driven  along  the  contact  of  tlie  limestone  with  a  porphyritic  dike 
-striking  K,  30^  E»  and  50  feet  or  more  in  width.  The  main  contact 
<jf  tiie  graiiodiorite  boss  lies  about  150  feet  to  the  west.  In  thi^i  tun- 
nel the  garnet-epidote  vein  rock  is  exposed  across  a  width  of  about  10 
feet  and  for  a  length  of  50  feet;  the  face  of  the  tunnel  enters  the 
limestone.  Small  masses  of  cop|)er  sulphide  occur  in  this  contact 
rock,  but  the  metal  content  of  the  vein  as  a  whole  is  low, 

A  deposit  in  the  form  of  a  vein  filling^  occupymg  an  irregular  fis- 
sure in  the  Ume^one,  occurs  on  Green  Monster  claim  No.  L  This 
vein  appears  to  be  an  offshoot  from  the  main  contact  zone  just  west 
of  it..  A  tumiel  65  feet  long  undercuts  the  vein,  and  for  250  feet 
ahnig  the  surface  it  is  CKposed  by  trenches.  The  vein  strikes  S.  20"" 
E,  with  vertical  dip  and  avemges  6  feet  in  width.  The  copper  occurs 
ill  small  masses  and  disseminated  particles  throughout  the  garnet- 
epidote-calcite  gjuigue.  Associated  with  the  chalcopyrite  ore  is  py- 
rite,  and  in  places  along  the  surface  limonite,  malachite,  and  azurite 
are  present* 

A  third  type  of  mineralization  is  exposed  on  Black  Warrior  claim 
Xo.  2,  where  a  narrow  vein  containing  galena,  pyrite,  and  chalcopy- 
rile  has  been  deposited  along  the  contact  of  n  porphyry  dike  with  the 
limestone  country  rock  at  a  point  alKJUt  1,000  feet  from  the  granite 
contiict*  Tliis  ore,  though  of  good  quality^  has  not  been  found  in 
qnantitv. 

In  general  the  ore  bodies  on  the  Green  Monster  group  are  similar 
in  chu meter  to  those  on  the  Jumbo  group*  but  from  present  excava- 
tions they  do  not  appear  to  lie  as  great  as  the  latter  in  size  and  extent, 
*nie  i>osition  of  the  property  necessitates  the  building  of  a  tramway 
over  a  distance  of  Jl  miles  in  order  to  ship  the  ore,  and  conditions  of 
mining  are  less  favorable  than  at  many  other  points  along  the  coast* 

HOUGHTON    OHOUP- 

SUiiaiion  and  def'doiyment. — The  Houghton  group  of  claims  is  lo- 
cated on  the  northwest  slope  of  Mount  Jumbo  between  elevations 
1,IX)0  and  2,000  feet  and  is  1  mile  from  Hetta  Inlet.  (See  PI  XL) 
They  include  the  gi-anodiorite  contact  zone  exposed  on  the  Jumbo 
group  to  the  south,  and  the  ore  botlies  under  exploration  are  of  tlie 
^ame  general  type.  The  claims,  including  a  mill  site  at  tide  water, 
were  located  in  1901,  and  from  that  time  to  the  end  of  1905  the  de- 
velopments were  meager,  assessment  work  alone  ijeing  done.  Early 
in  190r>  the  properties  were  acquired  by  the  Cuprite  Copper  Compan}^ 
two  more  claims  were  h>cated,  and  active  developments  were  begun. 
The^^  iiive^tigatiuns  were  advanced  during  1907  with  encouraging 
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results.  The  present  mining  camp  h  situated  at  1,500  feet  and  the 
mint?  workings  between  1,600  and  1,700  feet  elevation.  At  1,GOO  feet 
a  tunnel,  100  feet  long  at  the  time  of  the  visit,  was  being  driven  to 
explore  the  ore  body  in  depth,  its  surface  exposiire  being  100  feet 
above.  At  other  points  on  these  claims  short  exploratory  tunnels  and 
cuts  have  also  been  made. 

Ore  body, — The  copper  deposit  on  which  investigations  are  being 
furthered  is  included  in  the  garnet-epidote  contact  roclf  which  occu- 
pies a  zone  from  25  to  75  feet  in  width  between  the  granodiorite  and 
limestone.  This  zone  strikes  N,  45''  E.  and  dips  steeply  to  the  north- 
west<  The  ore  body  is  de^'eloped  on  the  surface  by  a  30- foot  cut  and 
a  15-foot  pit,  in  which  a  body  of  massive  chalcopyrite  ore  5  feet  wide 
is  exposed.  In  the  tunnel  which  enters  this  contact  zon&  small 
amount K  of  copper  ore  are  present*  but  the  main  ore  body  is  not  yet 
undercut.  The  chalcopyrite  is  associated  with  magnetite,  pjrite,  and 
some  pyrrhotite.  The  observations  in  general  on  these  claims  showed 
a  less  amount  of  contact  metamorpliism  and  not  so  great  a  develop- 
ment of  ore  as  was  noted  at  the  Jumbo  group. 

SULTA:!TA    fiBOUP, 

Situatmn  and  development.— T\w  Sultana  group  of  six  claims 
located  on  the  north  side  of  Hetta  Inlet  about  1  mile  east  of  Sulzer 
and  extends  from  tide  water  to  an  elevation  of  1,000  feet  on  the  south 
slope  of  Beaver  mountain  (Ph  XI).  The  principal  developments 
have  been  on  the  Sultana  claim,  thougli  on  the  adjoining  claims,  the 
Index  and  Vulcan,  prospec*ting  has  been  advanced.  The  total  work- 
ings, however,  amount  to  little *more  than  the  amount  of  assessment 
required  eacli  year. 

Ore  bodies. — The  ore  bodies  exposed  are  contact*metamorphic  de- 
posits underlain  by  a  granitic  intrusive,  banded  siliceous  limestone 
forming  the  hanging  wall,  A  gangiie  of  garnet  and  epidote  with  con- 
siderable calcite  has  been  deposited  along  the  contact,  in  which  sul- 
phides of  copper  and  iron  are  sparingly  distributed  in  small  masses 
and  disseminated  particles. 

At  a  point  on  the  Sultana  claim  350  feet  in  elevation  and  one-third 
of  a  mile  fn*m  tlie  beach  a  tunnel  130  feet  long  was  driven  in  the 
granodiorite  foot  wall  with  no  result.  Another  tunnel  430  feet  in  ele* 
ration  exposes  at  its  entrance  a  mass  of  chalcopyrite  ore  3  feet  in 
width  and  tlien  crosscuts  the  garnet-epidote  gangiie  rock  for  "IB  feet, 
shiiwing  practically  no  ore.  On  the  Index  claim,  to  the  east  of  the 
Sidtana  clainij  at  000  feet  elevation,  an  oi)en  cut  60  feet  long  exposes 
small  amounts  of  cluilcopyrite,  not  sufficient  to  make  a  pn^fitable 
ore,  associateil  with  magnetite  and  pyrrhotite  in  a  banded  garnet- 
epidote  rock*    On  the  Vuleau  claim,  north  of  the  Sultana  claim^  at 
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an  altitude  of  520  feet  is  an  (*peu  t-ut  GO  feet  wide.  Here  garnet- 
epidott?  rock  occurs  with  large  included  fragments  of  banded  lime- 
stooe  containinir  pyrrhotite  and  chalcopjrite  in  masses  a  few  feet 
wide*  A  relatively  snnill  amount  of  ore  is  developed  on  these  pmp* 
eriies,  but  future  exjilorations  may  reveal  new  and  larger  bodies. 
The  ore  at  this  prospect  was  reported  to  carry  cobalt  in  considerable 
simoiHit,  but  a  sample  token  by  the  writer  and  submitted  for  analy- 
sis gave  only  a  trace  of  cobalt  and  less  than  0.i2  per  cent  of  nickel. 

cx)&iitN  mine:. 

Situatioji  and  deveJopment.^Th^  Corbin  mine  is  close  to  tide  water 
on  the  east  side  of  Hetta  Inlt»t,  IJ  miles  north  of  the  entrance  to 
Cupper  Harbor.  Thihi  pjoperty  of  four  claims  was  located  in  Feb- 
ruary, 1!)D5,  and  the  following  sununer  oiv  s^hipments  were  made  to 
the  smelter  at  Coj?permonnt*  Early  in  VMM'*  the  mine  was  sold  to  the 
Alaska  Metals  Mining  Company,  which  began  active  development 
aod  ecpiipped  the  property  with  an  air  compressor,  a  hoist^  a  steam- 
power  pliint,  iind  erected  a  small  wharf  and  various  buildings.  The 
position  of  the  ore  Ixnly  necessitated  the  sinking  of  a  shaft  100  feet, 
and  at  this  depth  consideral>le  crosscutting  and  drifting  were  ex- 
tended  to  investigate  the  ore  body  at  tliis  leveL  Adjacent  to  the  shaft 
a  tunnel  has  been  driven  along  the  vein  for  210  feet,  but  the  results 
were  not  encouraging.  Operations  on  tliis  property  were  suspended 
during  the  winter  of  li)OT  and  have  not  since  been  renewed. 

Ore  bodk^ — The  c»re  body  Is  a  vein  deposit  of  nearly  massive  sul- 
phide *»re  inclosed  in  a  narrow  tissue  parallel  to  the  stratification  of  a 
gr^enstone-sehist  country  rof*k.  The  vein  is  from  1  foc^t  to  3  feet  in 
width  and  luis  iniH^  exposi-d  about  250  feet  in  lengtlu  striking  X.  70"" 
W.  and  dipping  70*"  SW,  A  tunnel  210  feet  in  length  was  driven 
along  the  vein  to  the  southeast  and  in  this  the  vein  narrows  to  a  thin 
gouge  seam  and  widens  again  at  several  points,  its  continuation  being 
indicated  by  the  bleached  appearance  of  the  country  rock.  The  foot 
wall  <if  tin*  vein  is  a  dark-green  schist  and  appears  less  altered  than 
the  hanging  wall,  which  is  a  pale-gi^en  talcose  schist.  Grooves 
caused  by  slipping  were  observed  on  both  the  foot  and  the  hanging 
walK  These  grooves  pitch  50^  NW,j  and  this  is  the  direction  that 
the  ore  shoots  are  most  likely  to  follow.  In  the  vein  itself  occasional 
slickensides  were  observed,  indicating  movement  along  these  lines 
since  (lie  deposition  of  the  ore.  Dikes  of  diabase  from  2  to  4  feet  in 
width,  striking  N*  lO"*  E.  and  dipping  70^  NW.j  nearly  at  right 
angles  to  the  prevailing  rock  structure,  crosscut  the  vein  deposit. 
The  ore  is  principally  pyrite  containing  ehalcopyrite  associated  witli 
some  ouartz  and  calcite  as  ganguo  minerals.  Besides  the  small  per 
cent  q{  copiier  in  the  ore,  gold  and  diver  amounting  to  about  $3  in 
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value  per  ton  ore  reported.    At  other  ix>jnts  on  these  claims  exploru- 
tion  may  reveal  vein  deposits  similar  to  the  one  described. 

COPPER   VtTY   UmV^  ~ 

Sttuaflon  and  demlopment, — The  Copper  City  mine,  ako  knowi 
as  the  lied  Wing  group,  consisting  of  four  daiiiis,  is  situated  dose 
to  tide  water  on  the  east  side  of  Hetta  Inlet,  T  miles  south  of  Copper 
Harbor,  This  pro|K*rty,  beoause  of  it,s  position  and  the  diaracter  of 
the  depoHitj  has  been  a  copper  producer  in  a  nmall  way  ever  since 
oj^erations  first  began  in  1903,  the  ore  being  sacked  and  shipped  to 
the  Tacoma  8uidten  The  develupnients  have  been  confined  to  the 
Ked  Wing  daiuij  where  the  vein  deposit  has  been  opened  by  an 
inclined  shaft  120  feet  in  depth.  From  this  shaft  two  levels,  50  feet 
und  100  feet  respectively  in  depth j  have  been  extended.  The  100- 
foot  is  the  working  level  and  this  has  been  extended  along  the  vein 
for  200  feet  to  the  north  and  for  50  feet  to  the  south  of  the  shaft.  At 
a  ])oint  on  the  level  75  feet  north  of  the  shaft  a  CO-foot  w^inze  has 
lieen  suidc  iind  from  tliis  a  drift  50  feet  long  has  been  extended- 
Most  of  the  ore  above  the  100- foot  level  has  been  mined,  and  it  is 
proi>osed  to  sink  the  shaft  an  additional  100  feet  and  open  up  a  200- 
foot  leveL 

Ore  body. — ^The  ore  body,  a  vein  deposit  of  nearly  massive  sulphide 
ore*  is  inclosed  in  a  slate-greenstone  country  rock  parallel  to  the  bed- 
iling  phiiie  and  corresponds  in  general  character  to  the  ore  body  at 
the  Corbin  mine  already  described.  The  country  rock  grades  from 
a  bhu'k  shite  or  siliceous  schist  to  an  ampliilx>lc  schist  or  altered  green- 
stone, the  general  strike  being  N.  20^  E,  and  the  dip  GO**  NW.  Cross- 
cutting  these  schists  and  also  the  vein  deposits  are  several  diabase 
dikes  1  foot  to  5  feet  in  width,  striking  in  a  K  S0°  W.  direction. 
These  dikes  were  intruded  after  the  main  ore  deposition,  but  subse- 
quent mineralization  has  deposited  small  amounts  of  mineral  in  vein- 
lets  eutering  tliein,  and  the  ore  }>odies,  where  crosscut,  usually  continue 
along  the  same  line  of  strike  on  opposite  sides  of  these  intrusives. 
The  vein  as  exposed  in  the  sliaft  varies  from  6  inches  to  4  febt  in 
width,  narrowing  to  a  gouge  seam  at  100  feet  in  depth*  At  this 
level  the  vein  appeared  to  be  displaced  for  a  short  distance  toward 
the  foot-wall  side,  where  it  was  again  found,  and  on  it  the  00- foot 
winze  w\is  sunk,  in  which  the  vein  was  reported  to  have  a  considerable 
width.  Smaller  veins  of  similar  character  and  parallel  to  the  main 
vein  have  been  exposed  by  surface  cuts  and  trenches  at  other  points 
on  the  proi>erty,  but  none  of  these  have  been  developed. 

The  ore  is  composed  essentially  of  chalcopyrite,  pyrite,  sphalerite, 
and  rarely  hematite  ( specular ite),  aasociated  w^ith  quartz,  calcite,  and 
epidote  as  gaugue  minerals.  Surface  oxidation  has  altered  the  dial- 
copyrite  in  places  to  limonite  and  cuprite^  and  along  jointing  cracks 
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in  the  country  rock  malachite  and  small  films  of  native  copper  were 
observetl.  Besides  the  cupper  content,  the  ore  containa  values  in  gold 
amounting  to  $3  to  $6,  and  silver  amounting  to  $1  to  $;^,  besides  from 
^  to  y  per  cent  of  zinc. 


FHOSFECTB  ON   GOULD   ISLAl^IV 


Gould  Island,  which  occupies  the  head  of  Hetta  Inlet^  is  about  2 
miles  in  length  and  less  than  1  mile  wide.  It  is  conipo^d  e.ssentially 
of  limestone,  siliceous  schists,  and  slate  intruded  by  a  granodiorite 
mass  which  occupies  the  eastern  portion  of  the  island  (PL  IX).  The 
prospects  are  located  at  the  southwest  end  of  the  island.  The  ore 
widcli  consists  of  galena,  spalerite,  and  chalcopyrite^  occupies  small 
veinlets,  and  is  finely  disseminated  in  a  belt  of  siliceous  limestone  30 
feet  wide,  striking  ea^t  and  west,  with  a  steep  dip  to  the  north.  As- 
sociated with  the  ore  are  calcite,  tjiiartz,  garnet,  epidote,  and  large 
amounts  of  wollastonite,  the  latter  occurring  in  the  adjacent  limestone 
in  radiating  masses.  A  tuimel  70  feet  long  has  been  driven  alnng  the 
fo<.)t  wall  of  this  mineralised  belt,  where  it  is  in  contact  with  slate, 
ftiid  scattered  occurrences  of  ore  are  shown.  Just  north  of  the  tunnel 
is  an  open  cut  aiul  a  shaft  10  feet  deep,  exposing  mineralized  rock  of 
the  same  character.  About  StJO  feet  east  of  these  workings  is  another 
open  cut  and  a  pit  10  feet  deep  on  the  same  belt.  The  amount  of  ore 
4*xposed  on  these  claims  at  the  time  of  the  writer's  examination  was 
tumuli  and  of  low  grade, 

FaOSFBCTS    AT    IIKAU    OF    COPPER    IIARJIOR, 

The  prospects  at  the  head  of  t'opper  Harbor  indicated  on  the  map, 
excepting  the  Paris  vein^  are  all  contact-raetamorphic  deposits  and  lie 
iiiljaccnt  to  the  same  granodiorite  batholith  exposed  on  the  Copper 
MtKHitain  and  Junibci  groups  (PL  IX)*  On  none  of  these  claims 
have  the  developments  exceeded  the  assessment  requirement s»  On  the 
Paris  group  of  claims,  located  at  3()0  feet  elevation,  about  a  half  mile 
from  the  beach,  a  tunnel  115  feet  in  length  luis  been  driven  along  a 
small  quartz  vein  1  foot  wide  striking  northeasterly  and  containing 
low^  values  in  copper  and  gold.  The  country  rock  is  a  banded  quartzite 
striking  X,  40°  W.  and  dipping  40^  to  60^  SW.  The  Gould  group, 
wliich  lies  north  of  Reynolds  Creek  and  at  300  feet  elevation,  one- 
half  mile  from  Copper  Harbor,  is  located  along  the  granodiorite 
contact  with  quartzite  which  at  this  point  strikes  S,  20"^  E,  A 
tunnel  50  feet  lung  crosses  the  contact  rock  and  entei*s  the  granite, 
wlucli  also  rurries  small  amounts  of  chalcopyrite  and  pyrrliotite 
scattered  near  the  contact  in  line  particles,  A  40*foot  shaft  at  the  ^j 
mouth  of  the  tunnel  exposes  the  mineralized  garnet*epidote  rock,  ^| 
shijvving  a  hauded  5tructui"e  striking  parallel  with  the  contact  anrl  ^* 
dipping  tiO"  tiW.    About  a  mile  northeast  of  the  (iould  group  and 
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at  100  feet  elevation  is  the  Eussimi  Bear  claim,  and  ftdjoiiiiiig  this 
on  tho  north  thi*  Texas  claim  at  1,450  ffot  elevattoiu  The  t'Oiitaet- 
metaniorphic  depy.sits  on  both  these  claims  flank  tlie  western  slope 
of  the  griinotliorite  batholith,  and  the  developments  consist  mainly 
of  open  cuts  and  trenches,  in  which  only  small  ore  masses  have  been 
exposed. 

PB0SPECT8  Off  HETTA   MOUNTAIN, 

Iletta  Mountain,  which  lies  southeast  of  Copper  Harboij  is  made 
up  essentially  of  limestone  and  quartzites,  its  northern  slope,  as  indi* 
cated  on  the  map  (PL  IX),  being  bordered  by  the  granoiborite  in- 
trusive. Two  claims  have  been  located  on  contact  deposits  similar 
to  those  described  along  the  intrusive  contact  about  1  mile  from  Cop- 
per Harbor  and  at  000  feet  elevation.  The  ore  bodies  have  Ix^n 
prosi>ected  by  three  timnels,  one  20  feet,  one  35  feet,  and  one  30  feet 
in  length,  and  several  o|>€n  cuts  in  which  small  masses  of  chalcopy- 
rite  and  pyrrhotite  are  exposed  in  the  gurnet-epidote  contact  rock. 
The  quartzitie  schist  country  rock  to  the  south,  which  forms  the 
hanging  wall  of  the  deposits,  strikes  east  and  west  with  nearly  yerti- 
cal  dip,  and  is  intersected  by  granitic  and  pt*gmatitic  dikes. 

In  a  gulch  at  1,380  feet  elevation  another  prospect  is  locnted  on  a 
vein  deposit  consisting  of  garnet  with  some  epidote  and  sulphide  ores 
in  the  siliceous  schists*  At  this  point  a  tunnel  BO  feet  long  has  been 
driven  along  the  vein  and  at  the  entrance  a  small  mass  of  chalcopy- 
rite  ore  is  exposed.  On  the  ridge  of  Hetta  Mountain  the  quartzites 
alternate  with  limestone  strata  having  a  N,  80°  E,  strike,  and  in- 
truding these  beds  are  occasional  masses  of  granodiorite.  Along  the 
contact  of  one  of  these  dikes  at  2,480  feet  elevation,  gn  the  north  slope 
of  the  ridge,  a  contaet-metamorphic  deposit  occurs  which  nrntains 
both  the  sulphide  and  the  carljonate  ore  of  chopper*  A  tinuiel  ti*  feet 
long  and  considerable  stripping  constitute  the  developments  and  ex- 
pose snuill  masses  of  the  copper  ore  in  a  garnet  gunguc.  Southeast  of 
this  prospect  on  the  opposite  side  of  the  ridge^  at  "2,500  feet  elevation, 
an  iron  capping  has  l>een  explored  by  trenches,  and  in  these  also  small 
amounts  of  copper  ore  are  exposed. 

KA§1AX   PEMX8F1,A. 


UEKEBAJ.  DESCRIPTION, 

Kasaan  Peninsula  Vis  a  promontory  on  the  east  side  of  Pritice  of 
Wales  Island  18  miles  ia  length  and  from  8  to  G  miles  wide,  i>roject- 
ing  into  Clarence  Strait  and  sheltering  Kasaan  Bay  (see  fig*  1,  and 
map,  PI.  I,  in  pocket).  It  is  a  steep,  heavily  timbered  mountain 
ridge  with  summits  reaching  altitudes  of  1,000  to  3,000  feet.  Tiie 
range  is  dissected  near  the  center  of  the  peninsula  by  a  low  pass  400 
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feet  at  its  highest  point,  extending  from  the  "  Hole  in  the  Wall "  (o 
a  point  3  miles  southeast  of  Kasaan  village.  At  the  northeastern  end 
of  the  peninsula  is  also  a  broad,  low  marshy  valley  4  miles  in  length, 
extending  from  the  head  of  Tolstoi  Bay  to  a  point  *^  miles  north- 
west of  Kasaan,  and  another  low  pass  3  miles  long  from  the  head  of 
Thome  Bay  to  the  east  side  of  Karta  Bay.  The  timber  on  the  penin- 
sula extends  to  an  elevation  of  from  1,500  to  1,800  feet,  below  which 
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PlO.  1. — Map  of  Kasnaii  IN*ninHiila,  filunvlnjr  mine  locations. 

a  dense  undergrowth  renders  prospecting  difficult.     The  sunnnits  of 
the  ridges  are  open  except  for  small  (!lusters  of  scrubby  pine. 

The  relief  of  the  i^eninsula  is  ty])ical  of  the  more  mature  topog- 
raphy of  the  islands  as  compared  with  (he  rugged,  more  abrupt  to- 
pography of  the  mainland.  Tlie  mountain  summits  are  dome  shaped 
and  on  them  are  large  erratic  bowlders,  an  evidence  of  glaciation. 
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Tiie  valleys,  which  extend  noiihward  from  near  the  head  of  Kasaan 
Bay,  are  broad  and  contain  many  lakes,  and  in  them  ai*e  deep  de- 
posits composed  of  large  and  ^small  bowlders  embedded  in  glacial 
clay*  The  islands  and  shoals  at  the  entrance  to  Karta  Bay  are  made 
up  entirely  of  these  glacial  deposits  and  represent  the  end  moraines 
left  by  former  ice  fields. 

The  occurrence  of  copper  on  Kasaan  Peninsula  was  known  to  the 
KuKsianH  as  early  as  1865,  but  not  until  1900  did  active  mine  develop- 
ments lK»gin.  It  is  now  the  principal  copper-producing  area  in  south- 
eastern Alaska. 

aiCOLOOY. 

Kasjuin  IVninHuhi  is  composed  largely  of  imderlying  intrusive  rocks, 
iiK'hiding  granodiorite,  syenite,  hornblende  diorite,  and  more  nirely 
gi'anite.  These  rocks  invade  limestone  bed;^  and  strata  of  highly 
altered  sedimentary  and  pyroelastic  rocks  ranging  from  greenstone 
Uiff^  to  sandstones  and  conglomerates  composed  principally  of  igneous 
niateriah 

fi^tratifrd  roekg. — The  stratified  rocks  include  those  of  sedimentary 
and  volcanic  origin.  They  occur  principally  on  the  northeiTi  portion 
of  the  peninsula  and  adjacent  to  Tolstoi  and  Thorne  bays,  and  are 
made  up  of  a  series  of  metamorphosed  l>edded  rocks  altered  to  horn- 
fels  and  mica  schists  and  often  highly  epidotized  and  containing 
amphibole  and  pyroxene  crystals.  Tliese  range  in  texture  from  fine- 
grained tuffs,  slates,  and  sandstones  to  coarse  conglonjerates*  The 
conglomerates  contain  many  fragments  and  pebbles  of  igneous  rocks 
as  well  as  of  limestone  and  quartzite.  The  sandstones  and  greenstone 
tulfs  are  composed  largely  of  volcanic  material,  and  because  of  their 
induration  they  closely  resemble  massive  igneous  rocks.  In  most 
places  their  fragmentary  character  may  l?e  recognized.  The  limestone 
befls  exposed  on  the  peuinsiik  are  entirely  recrystallized,  and  both  evi- 
dence of  structure  and  organic  remains  are  lacking*  They  are  of  im- 
portance because  of  their  association  with  and  relation  to  the  ore 
deposits.  Limestone  beds,  conformably  underlain  by  sandstones  coni- 
lM)sed  largely  of  igneous  material,  occur  on  Long  Island,  which  occu- 
pies the  central  portion  of  Kasaan  Bay  and  lies  1  mile  southwest  of 
^Kasaan  Peninsula,  Interstj-atified  iii  these  limestone  beds  near  their 
contact  with  the  underlying  rocks  are  thin  l>eds  of  sandstone  and 
conglomerate,  most,  of  the  pebbles  in  the  latter  being  of  porphyry. 
In  tlie  limestone  Iwds  themselves  Devonian  fossils  are  abundant; 
collections  in  this  locality  were  first  made  in  1901  by  Brooks,  and  in 
1905  a  more  complete  collection  was  made  by  E.  M.  Kindle*  Because 
of  the  anah>g>^  of  these  rocks  to  those  on  Kasaan  Peninsula,  the  latter 
are  provlsiotially  considered  to  be  Devonian. 

The  structure  of  the  sedimentaries  exposed  on  Long  Island  is 
of  interest  because  of  the  two  systems  of  folding  represented,  an 
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older  snF^tyem  of  small  folds  with  a  northeasterly  j^trikt?  ami  si  liUtT 
sj^stem  of  broader  folds  whicli  trt^nd  to  the  northwest  mu\  belong  to 
the  nuiin  system  of  the  Coafit  Range,  On  the  peninsula  the  structure 
of  the  bedded  rocks  has  been  so  greatly  interrupted  l>y  the  intrusive 
masseB  that  no  persistent  lines  of  strike  and  dip  could  be  followed, 
thouirh  the  mot^t  prominent  direction  of  thc^  be<lding  phmes  was  from 
n<»rthwest  to  wei^t  with  a  steep  dip  to  the  scnithwest.  Two  prominent 
jointing  i!?y stems  are  also  present  on  tlie  pminsnla,  the  one  striking 
N.  15°  to  !25^  E.  with  a  dip  60°  to  80^'  8W.  and  the  other  striking 
N.  50''  to  70°  W.  with  a  steep  dip  to  the  northwest, 

Intrumve  roeka, — The  intrusive  rocks  occurring  on  Ivasaan  Penin- 
sula all  invade  the  sedinientarv  strala  atid  are  there f<jre  of  mnn'  re- 
cent age.  The  principal  intrusive,  lu^wever,  h  the  granodiorile  which 
forms  the  entire  southern  portion  of  the  peninsula  and  oi*t:upies  wide 
area.^  in  the  central  and  northwestern  portions.  But  little  is  known 
of  the  rocks  that  were  intruded  into  this  area  previous  to  the  gninodi- 
oritt',  this  being  the  oldest  intrusive  rock  i-ecognized.  The  granodi* 
orite  intrusives,  however,  vary  considerably  in  composition  and  prah- 
ahly  represent  several  periods  of  igneous  invasion  thiring  one  gen- 
eral ejjoch,  though  in  some  instances  this  difference  can  undoubtedly 
he  attributed  to  segregations  within  the  igneous  magnni  during  srdidi- 
ficiition.  After  the  intrusion  of  the  granodiorite,  granite  and  syenite 
dikes  or  masses  many  hundred  feet  in  width  were  intruded,  besides 
numerous  pegmatite  and  aplite  dikes.  Somewhat  later  or  possibly 
during  tlie  same  perio^l  rocks  more  basic  intruded  the  area  in  the 
fonn  of  dikes.  These  were  followed  by  felsitic  dikes  from  one  to 
si*veral  hundred  feet  in  width*  Still  more  recent  are  the  diabase 
anil  basaltic  dikes,  all  of  Mhich  are  later  than  the  ore  lx)dies. 
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The  occurrence  of  ore  on  Kasaan  Peninsula  is  mmilar  to  that  in 
the  vicinity  of  Hetta  Inlet.  The  ore  b(Mlies  are  <rontact-metauiorphic 
flepf»srts  occurring  usually  at  the  conta(*t  of  fin  intrusive  syenite  mass 
with  linie-^tone  and  in  some  places  with  greenstone  tntf  or  c(»nglom- 
erntc.  They  are  included  in  a  garnet *epidote  gangne  and  are  gen- 
i*ral!y  associated  with  u^agnetito,  this  uiinerid  forming  in  many  placi*s 
half  of  the  gangne.  The  principal  mineral  zone  defined  on  tliiB 
pf*ninsnla  folhnvs  the  contact  of  a  syenite  intrnsive  mass  with  a  nar- 
row belt  of  limestone,  and  is  traceable  fi*om  the  east  side  of  Mamie 
Creek  for  2  miles  in  a  westerly  direction.  This  zone  ranges  from  100 
tci  300  feet  in  width,  though  liecause  of  its  flat  dip  and  its  conformity 
with  the  contour  of  the  mountain  slope  it  appears  locally  to  Ik*  mucli 
widen  The  Manvie^  StevenstoAvn,  and  Mount  ^Viidrew  mines  are  in- 
cluded within  this  zone.    Another  smaller  belt  of  contact  depobfits 
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appean>  to  follow  along  the  western  side  of  tlio  peninsula  about  1  mile 
inkml,  beginning  3  niiks  northwest  of  Kasaan  and  continiiini^  north* 
westward  to  Karta  Bay,  The  Sea  Island,  Haida,  and  CopiJercenter 
prospects  are  included  in  this  belt.  Besides  the  contact-metamorphic 
deposits,  copper  ores  associated  with  quartz  are  found  occupving 
sheer  zones  in  the  gi*eenstone  tuffs  and  conglomerates  at  the  head  of 
Karta  Bay,  namely,  in  the  Rush  &>  Brown  mine  and  at  the  Venus  pros- 
pect. On  the  east  side  of  Karta  Bay  bornite  and  chalcopyrite  occur 
in  small  masses  and  are  disseminated  throughout  a  basic  diorite  in 
trusive  belt  on  the  Goodro  and  Stevens  prospects.  Vein  deposits 
containing  essentially  silver-lead  ores  occur  in  the  limestones  north- 
east of  Kasaan,  j 

The  persistency  of  these  various  ore  bodies  depends  largely  iipon^| 
the  type.  The  contact  deposits  are  generally  irregular  masses  i>f" 
small  extent  as  a  rnle  and  no  mure  i^ersistent  in  depth  than  they  are 
laterally;  but  where  the  contact  zone  is  extensive,  investigations 
within  it  will  probably  reveal  similar  ore  masses  both  laterally  and  in 
fli'pth.  The  copper-iron  sulphide  deposits  in  shear  zones  in  the  strati- 
fied rocks  are  more  persistent  than  the  contact  ore  bodies  and  will 
probably  extend  to  a  considerable  (k^pth.  The  vein  deposits  in  the 
limestones  w^ill  also  be  extensive  in  depth,  but  will  vary  considerably 
in  widthj  often  narrowing  to  a  mere  seam. 

To  judge  from  analogous  deposits  nf  the  latter  type,  it  is  possible 
that  the  lead-silver  ores  will  be  replaced  by  copper  ores  in  depth, 

Situatum   and   deiwlopnienf. — ^The   Mamie   mine^   owned   by   the^ 
BiTJwn  Alaska  Company,  is  situated  IJ  miles  south  of  Had  ley,  ab^| 
an  elevation  of  TOO  feet,  in  the  central  portion  of  Kasaan  Penin-      ' 
suhi   (figs.  1  and  2)*     The  mine  workings  are  connected   with  the^J 
smelter  at  Hadley  by  an  aerial  tram  5,500  feet  in  length  and  with  tha^f 
beaeb  by  a  hors**  tram  7*700  feet  in  length.    The  horse  tram  is  used^ 
for  the  transportation  of  supplies*     Mine  developments  in  a  large  way 
were  not  l>eg\m  until  1904.    During  that  year  the  ore  bodies  were 
explored  by  numerous  open  cuts,  tunnels,  and  diamond-drill  holes. 
In  the  following  year  mining  of  the  um  was  begun  from  the  open-^ 
pits  and  new  ore  bodies  were  develoi>ed  by  tunnels  and  shafts.     Atfl 
the  close  of  WOti  considerable  ore  was  delivered  to  the  smelter,  and^ 
throughout  1906  the  production  was  large.    In  1907  diamondHlrill 
itivestigations  were  advanced,  new  ore  bodies  were  located  at  greater 
depth,  and  the  ore  production  continued  with  little  interruption  until 
late  in  Se])tember.     In  October  all  operations  were  suspended.     The 
total  developments  consist  of  5,000  feet  of  tunneling,  drifting,  and 
crosscutting  and  about  the  same  amount  of  diamond-drill  prospecting- 
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The  smelter  or  reduction  plant  at  Hadley,  belonging  to  the  Alaska 
Smelting  and  Befining  Company,  is  controlled  largely  by  the  owners 
of  the  Mamie  mine  (PL  XI,  B).    It  consists  of  a  blast  furnace  of 


Fio.  2. — ^llap  showing  propertloK  of   tho  Thrown   Alaska   Tompany.   Iladlcy   Consolidated 
Company,  and  the  Mount  Andn*w  Mininc  Company. 

350  tons  daily  capacity,  a  saniplin*r  mill.  <'<)Jil  Jnid  coke  bins,  ore 
bunkers  of  10,000  tons  capacity,  boiler  house,  engine  hoiisi*,  electric- 
40640— Bull.  ai7—<>8 8 
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light  ]>kiit,  and  other  conveiiieiiee8.    The  ores  from  the  Mamie  and ' 
Stevenstown  mines  first  g^o  through  the  samplers,  nest  to  the  ore 
bunkers  by  gravity,  and  thenee  by  gravity  to  the  fiirusu^e.     The  slag 
from  tlie  furnace  is  gi-tmiilated  and  carried  by  water  to  the  beach.     A 
ciible  tnmiwiiy  extends  from  the  wharf  to  bins  above  the  sampling  < 
milL  wliirh  have  been  buih  to  reeeive  custom  ore.     Tlie  plant  is  so 
nrriinged  that  its  daily  capacity  may  be  doubled  if  necessary.     Smelt-  ; 
ing  operations  began  Decemlier  5,  1905,  and  in  190(»  the  furnace  was 
in  l>last  about  twenty  days  each  month.     In  September,  190T,  this 
plant  was  closed. 

Ore  bodies. — The  ore  bodies  at  the  Mamie  mine  are  contact  meta-  I 
moj'phic  deposits  included  in  a  zone  400  feet  wide  lying  between  a 
syenitie  intrusive  and  limestone-  Within  this  zone  the  masses  of  ' 
valual>le  copper  ore  are  defined  either  by  such  a  decrease  in  the  copper 
content  of  the  inclosing  rock  as  to  prohilrit  profitable  extraction 
or  by  faidt  planes.  Garnet,  epidote,  and  magnetite  compose  the] 
contact  rock,  Cholcopyrite  is  present  throughout  in  small  quantities. 
The  f)re  botlies  or  portions  of  the  contact  rock  wiiere  the  concentra- 
tion of  the  copper  values  is  sufficient  to  make  ore  are  irregular  masses  i 
ranging  from  50  to  100  feet  in  lengtli  and  thickness  and  from  10  to 
40  feet  in  width,  the  major  axis  striking  northward.  Nine  such  ore  ^j 
masses  are  exposed  in  the  mine  workings.  Some  of  them  are  in-  ^M 
eluded  entii-ely  in  magnetite  masses,  thns  making  basic  ore*  while  " 
others  occur  in  the  garnet-epidote  gangue  rock,  making  a  siliceous  ^\ 
ove.  Small  veinlets  of  calcite  and  rarely  quartz  intersect  the  oro^| 
masses,  thns  indicating  a  later  period  of  mineral  deposition,  thongh  ^" 
tlie  main  ore  deposits  are  believed  to  have  been  deposited  contempora- 
neously with  the  inclosing  contact  roc*k. 
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Situation  and  fit  velopment, — The  Stevenstown  mine^  owned  by  the 
Hadley  Consolidated  Copper  Company,  is  situated  just  above  and 
southwest  of  the  Mamie  mine  at  an  elevation  of  1,000  feet  (fig.  2),  ^J 
From   the  mine   a   surface   tram   TOO   feet   long  connects   with   the  H 
aerial  tram  at  the  Mamie  mine,  over  which  the  ore  is  transported 
tc»  the  smelter  at  Hadley.     A  trail  also  leads  from  the  mine  down 
the  south  side  of  the  peninsula  to  Boggs  Landing,  on  Kasaan  Bay,  a       , 
distance  of  1  mile.    The  mine  has  been  developed  by  three  ''  glory  ^M 
holes  ^*  or  open  pits  connected  by  raises  with  n  550- foot  tunnel  pene-  ^^ 
trating  the  crest  of  the  mountain.     Actual  mining  developments  \irere       . 
first  begun  in  June^  1905,  previous  to  which  time  prospecting  alone  fl 
had  lieeu  carried  on*  and  in  Septend)er  of  that  year  ore  shipments  to  ^ 
the  Hadley  smelter  l»egaii*     A   large  amount  of  ore  was  produced 
during  190H,  and  until  the  first  of  July,  1907,  when  mining  operations 
were  susi>ended. 
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Ore  bodktr,-'T\w  oro  Ixulies  on  tlie  Stevenslowii  property  corre- 
?i|xiiKl  both  mineralogirally  nnd  genet iciilly  with  ihose  at  the  Mamie 
miiio  (PL  XI,  J),  The}'  f»cenpy  a  rehuively  Hat  pusition  on  the 
cra*it  of  the  mountain  ridge  and  are  appai^ently  imilerhiin  by  the  sye- 
nite intrusive  which  forms  tlie  font  wall  of  tlie  mineral  })elt  and  wliich 
is  exposed  tbroiighont  the  hmnel  thtil  peiietnites  Lbe  niounttuii  top. 
The  hanging  wall  as  well  a^  a  large  portion  of  the  ore  bmlies  on  this 
prn[>erty  hjive  been  removed  by  ernf^ioii  iind  the  rontaet  zone  \b  only 
from  20  to  40  feet  in  width  instead  of  200  to  400  feet,  the  width  on 
the  Mamie  property  just  below.  To  the  northeast  of  the  ore  bodies 
strata  of  limeston**  ami  greenstone  tnfT  rKrnr  and  eontinne  westward 
to\rard  tlie  Monnt  Andrew  tiiine,  fonning  the  lianging  wall  of  tlic 
mineral  zone. 

The  mine  workings  are  all  surface  pits  *"onneeted  by  raises  with 
the  main  tunnel,  and  in  these  several  relRtively  flat -lying  ore  masses 
have  been  developed.  Thesi*  masses  are  included  within  an  area 
3M»  by  200  feet,  the  pits  being  from  20  to  M)  feet  deep.  The  cent  rat 
jx>rtion  of  this  area  is  traversed  in  a  soiitlierly  directi<m  by  a  40-fo(*t 
felsite  dike,  which  is  of  later  intrusion  than  the  syenite  and  cross- 
ruts  the  ore  burly,  Smaller  dikes  of  dialmst*  and  basalt  1  foot  to  5 
feet  in  width  were  observed  crossc-uHing  the  ore  bodies  and  conntry 
r<M'k  at  sc^veriil  pcnnts  in  these  mine  wfn^kings. 

The  ore  is  composed  largely  of  magnetite,  chalcopyrite,  and  pyrite 
ftssiiciiited  with  hornblende  and  calcite,  all  of  which  are  included  in 
a  more  or  less  banded  garnet -epidote  gnngiie. 

Snrface  oxidation  has  produced  considerable  limonite  and  some 
nmlat'hite  ami  as^urite;  small  particles  of  native  copper  also  occur 
along  slipping  planes,  though  tliese  secondary  nunerals  are  i-elatively 
unimportant. 
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Stfuatfon  mid  drvrlopmmt.—Thi^  Mount  Andrew  mine  workings 
art*  situated  ttiree-fourlhs  ijf  u  mile  from  Mount  Andrew  landing  on 
the  southwest  side  of  Kasuan  Peninsula  and  one-half  mile  west  of 
the  Stevenstown  mine,  at  an  elevation  of  1,400  feet,  A  cable  tram- 
way 3.G00  feet  long  leads  from  the  mine  over  a  1,440-foot  knoll  pist 
south  of  the  workings  to  the  ore  bunkers  and  a  wharf  at  Mount 
AndiTW  landing  ^  Hg,  ti). 

This  mine  is  developed  [>rincipally  Ijy  a  tunnel  t>20  feet  long,  un- 
derc'utting  the  ore  Imdies  from  f*^)  U*  100  feet  i»r  niore  in  depth.  From 
thi.K  tunnel  several  hundred  feet  of  drifting  and  crosscutting  have 
been  dfiven.  and  upraises  extetided  thnatgh  the  ore  botlies  t<i  tin- 
surface.  The  01^  is  nnned  out  of  large  undergi'ound  stopes  and  from 
.surface  piLs  or  glory  holes,  and  is  clelivered  through  chutes  at  tunnel 
level  to  the  ore  bunkers  at  the  heatl  nf  the  aerial  tram  and  thence 
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carried  ti>  the  wharf,  where  it  is  Itmdetl  for  shipment.  Develt^pmeiits 
in  n  larpfe  iviiy  were  not  lie^iin  nntil  lute  in  in05,  and  during  IIKJG  the 
rierial  irnm  was  eriM'ted,  tlie  wlinrf  hiiilt.  the  f(HiipreKH<n*  plant  in- 
stalled, iind  ctinsiderable  ore  developed.  The  fir^t  ore  sliipinents 
were  made  in  Octol>er,  1906,  and  produetion  eontinued  until  Octoljer, 
li)(J7,  wdien  operations  were  suspended. 

Ore  hodws, — The  ore  depof?its  on  this  property  are  included  in  the 
^aine  niiiienil  Indt  as  thos**  at  the  adjacent  Mamie  atid  Steveiistown 
mines,  with  whirh  tliev  are  in  every  wav- ffuinairable.     Six  oi\?  bodies 
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Ftu.  li, — Vliiu  anfl  ltuss  sect  km  of  Mount  Aridreu'   [ulnt;  wurklngidt  slJ.owltij£  iKisUimPS  of 

consisting  of  irregular  magnet ite-chalcopyrite  maases  associateil  with  i 
the  garnet^epidote  contact  roek  have  Ijeen  develojped  and  mined  to  a  ^M 
considerable  extent.  Thest^  bodies  of  oi'e  aix*  from  10  to  50  feet  wide,  " 
40  to  80  feet  long,  100  feet  or  more  in  dei)th,  and  have  a  gt»ncral  ^i 
northerly  strike  and  pitch.  They  aiv  separated  by  barren  areas  of  ^M 
contact  rock  anti  dikes  20  to  fiO  fm-t  <>f  altercil  syenite  porphyry  " 
(fig,  ^V).  The  mine  workings  c(>nsist  cKsc^ntially  of  surface  pits  which 
are  nndercut  by  a  t  rosscnt  tunnel  running  east  and  west.    This  tunnel 
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With  i'oniiectmg  drifts  tmd  vm^s  im:luiles  2,*J00  hH  of  iindergrooiid 
ilevclopiiieiils.  Niiriirroiis  gutigi'  stmms  iind  sliela^isidt^s  indicating 
fHtilling  wen*  oIisitvimI  in  the  luiiii'  wivrldng'^,  nnd  hitenil  displac«3- 
nietits  of  the  ore  bodies  froin  1  lo  Ti  feet  were  noted.  Dikes  of  dinbascs 
and  felsite  from  2  to  12  feet  wiiJe  crtjyiscut  the  ore  Ixidies  and  country 
rock  in  various  direetioiiH  and  weiT  evidently  intruded  later  than  the 
format iun  of  the  ore  deposits. 

At  otlter  points  on  Mount  Andrew  large  masses  of  the  magnetite 
eiirrying  but  a  small  [)ercentage  of  eo])tK>r,  insidFieiunt  in  amount  to 
1 1  lake  a  copper  orcH,  have  W*n  developed*  These  dept^sits,  thtaigli  not 
rahmble  for  copper  alone,  may  at  some  future  tiTiie  be  of  importanee 
lus  a  source  of  iron  ore, 

ONtXR    BAM    MINJC, 

SituaMo'n  and  derelopmeuL — ^The  Uncle  Sam  minej  originally 
caUe<l  the  White  Eagle  gi*oup,  lies  3  miles  northwest  of  Mount 
Ajidre^v  landing  and  one-haJf  mill*  from  Kasaan  on  the  south  slope 
of  Kanaan  l*eninsuhi  (see  lig.  1).  Tlie  mine  workings  are  430  to  550 
f^t  in  elevation  and  loss  than  half  a  mile  from  the  lieach*  Mining 
iiperutitJiLs  have  been  advanced  on  this  projjerty  at  varitais  intervals 
since  its  diHcovyry  in  18D0,  and  in  11)01  an  aerial  tram,  ore  bunkei'B, 
and  a  wharf  wei-e  liuilt  Early  in  l^KH\  a  shipment  of  ore  was  made, 
but  no  further  work  was  done  until  March,  1007.  At  that  time  oper- 
ations were  renewed,  eontininng  until  July,  when  another  ore  ship- 
nient  was  made.  Ilie  mine  is  developed  by  a  tunnel  and  drifts, 
amounting  to  alKKit  S(K>  feet  in  length,  and  by  o[>en  pits  ex|>osing  the 
ore  Ixaly  on  the  surface  above  the  tunneL  From  this  working  tiumel 
a  surface  tram,  1,150  feet  long,  conveys  the  ore  to  the  wharf. 

Ore  Ifodt/.—Thi'  ore  body  exposed  in  the  tuniiel  consists  of  an  ir- 
regular lens  of  chalcopyrite-pyrite  ore  it  to  B  feet  in  width,  striking 
north  and  south  ant  I  pitching  about  45''  N,  It  is  cut  off  to  the  north 
by  an  east- west  fault  ilipping  80^'  N*,  which  shows  but  a  small  amount 
of  gouge.  At  the  open  cut  al)ove  the  tunnel  siinihir  masses  of  uve  are 
exposed,  but  no  huge  ore  bodies  have  iH^en  defijied.  Garnet,  epidote, 
magnetite,  autl  calcite  occur  as  gangue  minerals  and  in  many  |>laces 
fonn  snudJ  gecwles.  The  chalco|)yrite  ore  contained  in  this  gangue 
rock  is  irregularly  di.stributed  in  small  masses  and  not  along  dehnite 
lines.  The  coimtry  rock  is  made  up  of  strata  of  ehhFritized  and  epi* 
<loti/.eil  greenstone  tuff  %vhich  are  underlain  by  the  inlnisive  syenite 
and  nre  crosscut  by  snuill  dikes  of  diabas4L\  of  later  origin  than  the  ore 
inidiesii 

eOPPliUl   QUISISN   GBOUP* 

Tlie  Copper  Queen  group  of  claims,  which  represent  the  first  cop- 
per IiH'ations  on  Prince  of  Wales  Island,  lies  about  one-half  mile 
southeast  of  Kasaan.     In  1898  these  claims  were  sold  to  the  Kasaan 
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Bay  Milling  Company,  wliidi  made  adilitianal  locatiujiH.  Small 
oi>eratinn!>  wen*  in  ]>rngTTss  fruni  iHtil)  mitii  I0O2,  iukI  TjOO  fert  of 
luiineliiig  WHS  dune  lR>id**s  siirfnct^  (^\eavatiul^s,  Since  VMY^  the 
pi'0[>i»rty  lias  Ijeen  idle. 

Tlie  [iriiK'ipal  ure  depi>sit  ii5  uxpuyed  along  the  side  at  a  gulch  at  a 
point  t30U  feet  in  elevation.  It  eon.sist^  of  jin  irxtfgular  nias.s  of  ehalco- 
pyrite  ore  accompanied  by  pyrite  and  magnetite  in  a  garnet -epidote 
gangne,  at  the  contact  of  an  ahered  intrusive  syenite  with  the  green- 
feitone  tiirt'.  Below  these  exi>oiinres  a  crossi-nt  tunnel  400  feet  in  length 
has  been  driven  in  the  altered  syenite,  but  has  failed  to  reveal  any  ore* 

Other  mineral  exposures  (KTur  on  these  claims  at  points  close  to 
'tide  water  and  have  been  prospeeteil  by  shafts  and  open  cut^,  but  so 
far  no  inipurtaiit  deposits  ha\e  been  dia^overed. 


I'OOH    MAN  8    CiROlir. 

The  Poor  Man's  group  of  two  claims  is  located  2  miles  northwest  of 
Kasaan  (fig.  1).  Tiw  mine  workbigs  are  connected  with  deep  water 
by  a  surfacif  tramway  and  wharf,  having  a  total  length  of  about 
2,000  feet*  The  principal  developments  are  at  the  liead  of  the  tram- 
way and  consist  of  a  tunnel  driven  DO  feet  in  a  s<mth westerly  direc- 
tiiUi,  which  crosscuts  ^\  4i*-foot  body  of  magnetite  ore  and  30  feet 
of  garnet-epidote  contact  rock,  and  at  its  face  enters  a  wide  dike 
of  red  syenite  for  20  fi»et.  At  a  point  80  feet  from  the  mouth  (»f  the 
tunnel  is  a  vertical  shaft  extern  ling  30  feet  to  the  surface  and  00  feet 
in  depth.  This  body  of  magnetite  is  exposed  on  the  surface  above 
the  tunneb  ami  similar  masses  have  Ijeen  prospected  by  short  tunnels 
and  cuts  and  shafts  at  points  alnng  the  tramway  and  on  adjoining 
pi'operties.  Assoeiatt^d  with  the  magnetite  are  large  amounts  of  eal- 
cite  and  hornblende,  stmie  pyrite  and  chalt^opyrite,  and  garnet  and 
epidote.  Although  the  magnetite  deposit  itself  is  extensive,  the 
chalcopyrite  m*e  <K*cury  oidy  in  isolated  ptx'kets  or  narrow  veinlets 
and  is  not  disseminated  tlironghout  the  magnetite  in  sufficient 
amounts  to  make  a  cf>pi>er  ore  of  the  entire  body.  It  is  noteworthy, 
however,  that  these  ore  bodies  nuiy  be  of  value  for  their  iron  content* 
Minor  tlisplacements,  due  to  faulting  on  slipping  planes,  ^ind  dikes 
of  diabase  and  felsite  ci-osscuttiiig  the  deposits  were  noted. 

The  Eagle's  Xest  group  of  claims,  situated  4  miles  northwest  of 
Kasaan,  was  first  located  in  lOOri,  and  in  the  Siime  year  was  bonded 
to  the  Sea  Ishmd  Copj>er  Mining  Company^  Operations  by  this 
company  weit*  begiui  in  October,  lOOtJ,  and  continued  in  a  small 
way  imtil  September,  liXlT,  when  the  proi:>erty  reverted  to  the 
owners. 


CUPFEH   MIKES. 


119 


The  developmt^ntK  havp  Ijeoii  oonliiietl  lo  thi*  uiinei-al  expo^siires 
iin  lilt!  A  la  I'm  riaiiii  at  nn  elevsitioii  of  KK)  to  50U  feot.  On  the  f^imth* 
eiist  end  of  tills  daiin  is  a  TO-foot  tunnel  L*sst*ntiully  in  a  ^^rnet- 
epidote  rock  in  which  a  smull  amount  of  ore  occurs  near  the  face. 
Just  ahnve  tlie  tunnel  a  body  of  iuagneti{e-'chalc<jpyrite  ore  S  feet 
wiile  and  20  feet  long  i^  exposed  in  an  open  cut,  beneath  which  am 
l)eds  of  Iinie.stone.  Above  thin  near  the  summit  of  the  ridge  is  an 
t»lien  cut  and  ^haft.  12  feet  deep  exposing  small  amonuts  of  urn 
a(ii><)ciated  with  garnet  in  limestone.  On  the  northwest  end  of  this 
clairu  an  open  cut  and  a  shaft  35  feet  deep  expose  masses  of  chalco- 
pyrite  associated  with  various  contact  minerals  in  a  coarsely  cry-stal- 
linc  limestone.  Above  the  latter  workings  diorite  is  exposed  and 
forms  the  upper  jx>rtion  of  the  ridge.  No  large  copper  deposits  have 
been  developed  on  these  claims,  though  further  investigation  may 
reveal  important  ore  bodies* 

TAYLOR    l'Rt>SPKt*T. 

The  Taylor  prospect,  lo<rated  early  in  1007  as  the  It  claim,  adjoins 
tl»e  Eagles  Nest  group  on  tlic  cuj^t.  On  this  prospect,  at  a  point 
000  feet  in  elevation,  a  body  of  chalcopyrite  ore  in  a  gangue  of 
garnet  ami  epiilote  Ivis  bet^ii  exposed  by  surface  cnts  over  an  area  of 
W  by  40  feet*  The  ridge  to  the  southwest  or  the  fo<jt-wall  side  is 
composed  of  diorite,  and  below  the  prospect  to  the  northeast  lime- 
stone beds  are  exposed. 

MAMMOTH    tJROUP. 

Situation  and  det^elopment — The  Mammoth  group  lies  on  the 
«ftst  side  of  Karta  Bay,  about  6  miles  from  Kasaan  and  one-third 
of  II  mile  from  tide  water  on  the  top  of  a  low  hill  500  feet  in  eleva- 
tion (%.  4).  The  property  was  largely  developed  in  11XJ4-5  by 
the  original  owners  and  in  June,  11)0*>,  was  sold  to  the  Haida  Cop[ier 
Company,  which  began  active  develojjments  aiid  made  plans  for 
the  erection  of  a  gravity  tram  !^,000  feet  in  length  to  the  i>each  and 
for  a  wharf  and  ore  bunkers.  In  April,  1907,  these  improvements 
were  completed  and  the  company  made  shipments  of  ore  to  the 
Had  ley  smelter.  Early  in  the  suunuer,  however,  operations  were 
suspended,  and  the  mine  has  since  l)een  idle.  The  mine  is  devel- 
ojmhI  liy  «  tunnel  ls20  ft^et  in  length  connecting  with  a  shaft  B/i  feet 
deep,  which  in  turn  connects  with  a  surface  pit  on  the  ore  body* 
Exploratory  drifts  have  lieen  extended  from  the  tunnel,  and  pros- 
I>fct  pits  and  short  tunnels  have  lieen  driven  at  other  points  on  the 
property^ 

(/tf  hody. — ^The  ore  l>ody  is  an  irregular  magnetite  mass  carrying 
dialctipyrite  in  a  gangue  of  garnet  and  epidote.  The  country  rock 
in  the  innuediato  vicinity  is  made  up  of  greenstone,  tuff,  and  con- 
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gkmn.*rat**s,  though  just  helow  (he  uiirie  working^i  a  belt  of  intrusive  j 
diorite  in  i^xpomd  wlutli  forms  the  western  half  of  the  ridge  and  prob- 
ably underlies  the  cu'e  body.  The  deposit  is  developed  by  an  open  pit 
over  an  area  about  50  feet  in  diainetor.  This  h  undercut  by  a  tunnel 
at  a  depth  of  30  feet,  and  though  the  magnetite  is  exposed  at  this 
depth,  clialcopyrite  is  not  so  abundant*  To  the  northeiLSt  the  ore 
lK)dy  is  bmited  by  a  fsudt  plane  striking  nearly  east  ami  west  and 
dipping  75*^  S.  Other  slipping  phmes  j>triking  at  different  angles 
were  noted  in  the  ore  body  and  inclosing  rock. 


tITUKB    FMilSl'KiTS. 


Copper  Center  grovjh — Tlie  Copper  Outer  group  of  claims  lies  1 
mile  north  of  the  Mannnoth  group  at  an  elevation  of  4(X)  feet.  It  was 
located  in  April,  1007,  and  in  July  was  bonded  to  mining  men  who 
under((x>k  its  development.  Several  shafts  from  10  to  30  feet  deep 
were  sunk  within  an  area  300  by  120  feet.  In  all  of  these  shafts  and 
surface  cuts  a  nnignetiti;  and  chalet »py rite  ore  associated  with  garnet- 
epidote  and  liornljlenrle  gangue  is  exposed.  The  deposit  is  apparently 
flat-lying,  though  the  amount  of  work  done  is  hardly  sufficient  to  prove 
that  it  does  not  continue  in  depth.  It  is  also  probable  that  further 
investigations  at  a  greater  depth  will  reveal  de|X)sits  at  other  i>oints 
on  the  property.  The  country  rock  is  largely  gi^eenstone  tuil:"  and  con- 
glomerate which  is  underlain  by  the  granodiorite  exposed  down  the  I 
hillside  to  the  soutljwest.  The  area  is  densely  covered  by  an  under- 
growth which  renders  prospecting  difficult.  The  dip  needle  has  been 
miceessfnlly  used  within  this  area  and  the  depcisit  just  desi^ribed  was 
located  by  it. 

Hharli'^  proHpeH. — nie  Charles  property  lies  a(x>ut  1  mile  south- 
east of  the  MammtJth  group  at  an  elevation  of  380  feet  and  5,000  feet 
fi'om  tide  water.  It  was  located  in  May,  11*07,  and  only  a  small 
amount  of  work  has  \m^\\  done  on  it.  The  mineral  body  cx[M>sed  in  ^J 
a  cut  20  feet  long  and  10  feet  deep  consists  of  chalcopyrite  masses  a^o-  ^| 
ciated  with  some  magnetite  in  a  garnet  gangue  which  replaces  the  ^ 
greenstone  tnlf  country  rock.  ^y 

Granodiorite  composes  the  hill  jnst  west  of  this  prospect,  but  was^^ 
not  ex[K»sed  near  the  mineral  body.  Dikes  of  diabase  crosscut  the 
p^^  body  arid  are  evidently  of  later  intrusion.  Besides  the  values  in 
copper,  the  ore  is  said  to  carry  high  values  in  both  gold  and  silver.  . 
^^Bnnep  it'  Metzdarf  proHprf't.—Tlw  Brown  &  Jfetssdorf  prosjiect  is  ^M 
.^Qci^ed  thrtH'-fourths  of  a  mile  stmth  of  the  Charles  prospect  and  one-  ^ 
half  mile  from  Kasaan  Bay,  at  an  elevation  of  310  feet.  The  ore  , 
l^y  is  a  njineralized  mass  of  garnet  rock  carrying  chalcopyrite  and  ^| 
pji;ite  exposed  over  a  width  of  10  feet,  showing  a  handed  structure  ^^ 
and  <^videjitly  replacing  the  Ix^dded  ([uartzite  and  gi^eenstone  tutf  comi 
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try  rwk.  A  wide  l>elt  of  limastoiie  is  eK}K).sed  ia  bluffs  along  the  trail 
ju«jt  l>elow  this  i>ros|)ett. 

Pt'iH'ork  a  fid  Tarfitna  fhuma^ — TheHe  t:hiiiii8,  about  *i  mi  lew  HJiitli* 
ea^t  of  KaHuan  poj^t-offire,  are  the  pvn|>erty  of  the  Gritulall  Miriitig 
and  Smelting  Company  (fig,  1),  The  Tacoma  rlaiin  is  located  along 
the  beaeh,  where  upeii  euts  have  been  made  on  ore  exposures  that  are 
c'overed  at  high  tide.  The  «i*e  is  <H>tifined  to  the  garnet-epidote  riK*k 
and  occurs  in  irre^nkr  patches  or  is  finely  disseminated,  hut  mtwhere 
in  Inrge  Ixidies.  In  the  beaeh  cuts  a  small  amount  of  ore  is  exposed, 
and  idjtive  this  at  an  elevation  of  ,iO  feet  is  a  tunnel  00  feet  in  length 
entering  the  hill  in  a  luirt beast erly  direction.  This  tunnel  crosscuts 
a  wide  lielt  of  giirnet'epidote  i'<m^Iv  containing  some  chalcopyrite* 
Other  open  cuis  exp4>se  Htuall  amrmnls  of  ore  at  several  places,  but  no 
krge  ore  masses  have  been  develo]>ed. 

The  Peacock  claims  adjoin  the  Tacoma  claim  on  the  north  and 
continue  to  the  center  iif  the  peninsiilu.  At  ii  point  GOO  feet  fnaii  the 
lieach  and  120  feet  alKive  tide  a  tunnel  45  feet  long  esp^>«es  a  l»elt 
of  garnet-epid*^te  contact  rofk  containing  magnetite  and  a  small 
amount  of  chalcopyrite.  Htill  liiglier,  at  Z^  feet,  a  second  tunnel  ^U) 
feet  long,  ftdlowing  the  contact  of  a  diabase  dike,  exposes  a  similar 
iiiineral-bearing  ruck.  Here  also  dikes  of  felsite  and  basalt  occur, 
and  sli]>ping  planes  faidt  Ihe  mineral  body  in  various  directions. 
Tlie  amount  of  development  m\  these  properties  has  not  been  suffi- 
cient to  disclose  ore  bodies  large  enough  to  justify  mining,  but  sys- 
tematic prospecting  may  open  up  deposits  of  value. 

**  Hole  in  the  leall "  proftpects, — The  small  cove  known  as  *^  Hole  in 
tlie  wall  "  lies  on  tlie  mu'th  side  of  the  luirlH^r  at  Ibidley,  and  along 
its  shores  and  west  ui  it  a  nnuJjur  of  elaiuis  have  been  lotmted,  among 
which  are  the  Phmdey  group  and  the  Eureka,  Sunrise,  Pennsylvania, 
Venus,  and  Pelaska  claims  (fig*  1)*  On  the  Ililma  claim  of  tlie 
Plunde3''  group,  at  a  point  one-half  mile  nortliwest  of  tlie  heatl  of  the 
cove  and  -ilO  feet  in  elevation,  a  tunnel  25  feet  in  length  has  Ijeen 
driven  along  the  contact  of  an  altered  liiuestone  kdt  with  a  dioritic 
iutrusivej  in  which  suuiU  masses  of  chalco|>yrite  are  ex|K)sed  in  a 
garnet-epidote-calcite  contact  rock.  On  the  Eureka  claim  at  tide 
water  similar  contact  deposits  are  l>eing  develoiied  and  are  reported 
to  be  of  considerable  extent.  The  Sunrise  claims,  three  in  all,  are 
kx-ated  wast  of  the  "  Hole  in  the  waJL'^  and  on  these  claims  at  points 
along  a  gulch  small  ore  masses  occur  replacing  limestone  beds  at  or 
near  their  contact  with  grauodiorite.  At  1,050  feet  elevation  this  ccai- 
tiict  aureole  is  25  feet  in  width  and  contains  considerable  magnetite 
and  chalcopyrite  ore  wliich  shows  much  surface  alteration.  On  the 
south  slope  of  the  hill  at  950  feet  elevation  is  an  open  cut  exposing  a 
highly  ci7stalline  marbhs  slightly  banded,  striking  N,  65""  E.  and 
dipping  W^  NW.    This  marble  overlies  the  contact  rock  which 
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carrit*^i  hiiuiII  iiuunjjits  tjf  iIh*  copper  ore.  On  tlu'  Feunsylvania 
clflfms  >^oiit!i(ni>t  of  tlie  Sonrise  cluiuis  an  open  cut  following  n  felsite 
dikf  ut  850  feet  elevation  cxpo^^s  a  small  vein  li  to  l\  feet  wide  eoii- 
£:^isting  of  pyrite  witli  hiiiiall  aiiiouiit>>  of  clialcopyrite.  The  pronpects 
on  the  Venns  olahji??  ^^liovv  contact  deposits  similar  to  those  exposed  on 
the  Sunrise  claims  to  the  north  and  are  apparently  along  the  same 
intrusive  contact*  The  Pelanka  claim,  extemling  from  the  head  of 
the  cove  westward,  has  been  developed  by  a  tunnel  over  100  feet  in 
length  following  a  belt  of  altered  limcHtone  intruded  by  a  diabase  dike 
along  Tvhich  oceurH  the  garnct-epidote  contact  rock  carrying  some 
chaleopyrite.  This  deposit  is  interesting  geologically,  but  the  amount 
of  ore  exposed  is  suialh 

RARTA  Ullf.  

GENERAL   DEIJCItlFTJOJC* 

The  name  Karta  Bay  is  applied  iir^  a  general  term  to  the  entire 
northwest  extension  of  Kasaan  Bay,  It  is  a  relatively  shallow  em- 
bayment  Z  nnlcs  in  w  idllu  including  a  nnniWr  of  low,  wooded  islands 
and  shoals,  and  affording  several  good  anchorages.  On  the  charts, 
however,  the  name  is  applied  only  to  the  harbor  on  the  west  side 
of  this  embay ment,  on  which  tlie  Uaronovich  fishery  and  a  small 
Indian  village  arc  located.  The  land  northw^est  of  this  bay  is  low 
and  is  occupied  by  a  "^  salt  chuck  "  2  miles  in  length  and  by  3  small 
lakes.  To  tlie  sonthw^est  is  a  mountain  range  including  Granite 
Mountain  and  other  rounded  summits  less  than  4,000  feet  in  eleva- 
tion, and  to  the  northeast  is  a  low  ridge  of  hills  forming  the  divide 
between  Karta  and  Thorne  bnys.  The  principal  mines  in  the  imme- 
diate vicinity  are  the  Knsh  &  Brown  mine  and  ihc  Venus  group  to 
the  northwest,  and  the  Goodro  claims  to  the  northeast  (fig.  4),  In 
1901,  when  A.  IL  Brooks  visited  this  section,  none  of  these  proj>erties 
had  been  Im^ated,  and  not  until  1904  were  the  copper- bearing  ore 
bodies  discovered. 

The  area  is  occupied  principally  by  stratified  rocks  ranging  from 
a  fine  tuff  to  a  coarse  conglomerate  often  showing  a  development  of 
large  hoi*nblende  crystals.  These  bedded  rocks  are  invaded  by 
granodiorile  nuiRses,  and  dike  rocks  of  various  composition  intrude 
both  the  granodiorite  and  the  In^dded  rticks.  The  copper  ore  occurs 
(1)  at  the  contacts  of  the  granodiorite  with  greenstone  tuff,  eon- 
glomerate,  iind  limestone,  as  at  the  Rush  &  Brown  mine;  (2)  along 
shear  zones  in  the  greenstone  tuffs  and  conglomerates,  as  at  the  Venus 
group  and  Rtish  &  Brown  mine;  and  (Z)  in  small  masses  and  dis- 
semiinitetl  partif4es  scat  tercel  irregularly  through  un  altered  basic 
diorite,  as  at  the  (loodro  claims^ 
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Situation  and  development. — The*  Rush  &  Hrown  property  in- 
cludes eight  claims  extending  from  "  salt  chuck  "  northwesterly,  the 
principal  mine  workings  being  located  on  the  Iron  Clitf  claim  at  an 
elevation  of  300  feet,  and  about  2  miles  from  the  wharf  at  the  head 
of  the  bay  (figs.  4  and  5).  In  1004  this  property  was  prospected 
by  long  trenches  and  open  cuts,  and  a  shaft  :2r>  feet  deep  was  sunk  on 


FiQ.  4. — Map  Bbowlng  mines  and  prosjiocts  ndjao'nt  to  Karta  Ray. 

the  ore  body.  In  1005  it  was  leased  hv  the  Alaska  Copper  Company, 
and  a  new  shaft  was  started  120  feet  soutli  of  the  old  shaft  and  sunk 
to  a  depth  of  100  feet.  P'rom  the  bottom  of  this  shaft  the  principal 
ore  body,  the  magnetite  deposit,  was  devel(^pe(l  by  drifts  and  cross- 
cuts and  a  drift  was  extended  to  a  seccmd  ore  body,  the  sulphide  de- 
poot,  160  feet  &rther  northeast.    At  the  close  of  1007  the  greater 
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portion  of  these  ore  bodies  had  been  stoped  out  and  the  shaft  sunk 
an  additional  100  feet  to  a  point  from  which  a  200-foot  level  was 
started.    The  ore  from  the  mines  is  transported  by  a  gravity  tram 
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Fi«;.  r». — Sketch  plan  and  section  of  mine  workings,  showing  ore  l>odie8  at  Rush  &  Brown 

mine. 

to  ore  hunkors  one-fourth  mile  l)olow  the  mine  and  thence  by  a  rail- 
road 25  miles  long  to  the  wharf  at  the  head  of  the  bay,  where  ore 
bunkers  of  2,000  tons  capacity  have  been  built.     During  IDOC  ore 
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was  «iliipped  to  the  smdtor  ut  CoppeniifHiiit,  and  in*  1907  shipments 
wore  niiuh^  to  the  Tvee  smt^ltiT  ai  Ladysmith,  British  Coluinljhi, 

Ofr  hoduH, — Two  ore  bmlies  have  been  developed  ni  the  Rtisli  & 
Brown  mine.  One  is  a  t'ontuct  metamcirphio  depasit  cunsistin^  of  a 
rnpper-bearing  magnetite  htxly  1t)^)  feet  loii^r  hy  BO  feet  wide  in  a 
garnet*epidote-culcite  gungue  lying  between  granodiorite  and  an  in- 
durated grreenstone  tuff,  the  line  of  contact  striking  nearly  east-west. 
The  other  deposit,  H»0  feet  to  the  nortli,  occupies  a  nhear  zone  in  the 
greenstone  tuff  and  congh»mei*ate  beds,  and  is  a  sidphide  body  eom- 
posed  of  pyrite  and  chalcopyrite  in  a  qnartss-calcite  gangue,  which  is 
4  to  B  feet  in  width  and  ha*s  lieen  dpveh>ped  over  a  h^ngth  of  85  feet. 
The  Mrike  of  this  sniphide  deposit  is  northeablward  and  its  dip  ^i)^ 
SE-  toward  the  hirger  deposit, 

VKNUH   fiHOTiP* 

The  Vemis  group  of  ehiim^  in  located  on  Iron  Creek  1]  niih^n 
from  the  heriil  of  Kartn  Bay  and  aliout  1  mile  south  of  thi»  Rush 
&  Brown  mine  (fig.  4:)*  This  property  was  located  in  11)04  and  a 
magnetic  survey  made.  Within  the  area  of  maximum  attraction  a 
pit  was  sunk  and  a  treiieh  hO  feet  in  length  was  nnide  Ihrongh  the 
overlying  debris,  exposing  the  magnetic  deposit,  Behnv  these  surfatn* 
excavations,  which  are  at  an  elevation  of  250  feet,  a  tunnel  75  feet  in 
length  has  been  driven  which  crosscuts  50  feet  of  debris  and  t^5  feet 
of  eonntry  rock,  and  at  its  face  exposes  ore.  The  country  rock  is  an 
indurated  greenstone  tuff  with  interslratified  quartzite  beds,  the  ore 
o<xni})ying  a  shear  Kone*  Assfw'iated  with  tlie  *>re  is  cimsidei'!d)le 
^;phakTite  and  pyrrhutite  with  rpuu-tx  and  calcific  as  gangne  iiiineralss. 

mKumo  CLAIM f*. 

The  fiootlro  claims,  also  known  as  tlie  Jokei-  group,  n\v  located 
on^-half  mile  from  the  head  of  the  **salt  chuck'-  entering  Karta 
Buy  (fig.  4).  The  surrounding  area  is  relatively  low,  tlie  tdaims 
being  located  on  a  knoll  about  400  feet  in  elevation.  The  copper  de- 
posit at  this  lor'ality  is  of  special  interest  because  bornite  is  the  donii- 
uani  ore  and  it  is  the  only  locality  in  southeastern  Alaska  where 
bornite  has  been  found  in  (juantity.  This  ore  ocTurs  in  snuill  maases 
and  disseminated  particles  associated  with  epidote,  feldspar,  and 
luotite,  and  is  inclosed  in  a  basic  diorite  which  is  largely  replaced 
by  these  minerala  Native  gold  and  considerable  chalcopyrite  also 
occur  with  the  ore,  and  near  the  surface  small  amounts  of  chalcocite 
and  native  copper  were  noted.  The  diorite  forms  an  extensive  belt 
half  a  mile  wide  striking  in  a  northwesterly  direction  (s*^  PL  I), 
laterally  tins  mineralissacion  is  expost'd  across  a  width  of  60  feet 
and  for  about  100  feet  in  length*    It  has  been  developed  by  a  surface 
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pit  12  feet  deep,  by  n  cut  TO  fet't  long,  iind  by  ji  tiiniK^  125  feel  lotig 

which  crof^sents  the  ore-bearing'  mns^s  90  feet  below  the  surface  and  M 

feet  from  its  mouth,    Slippin*^  pi  tines  were  observed  at  several  points, 

but  do  not  appear  to  Imve  claused  any  noteworthy  disi>Iarenients,    In 

an  open  cnt  a  diabase  dike  is  expos^ed  whirh  is  evidently  later  than 

the  ore  deposition.    Early  in  1W7  an  ore  8hipinent  was  made  to  tlie 

Hadley  smelter  and  is  reported  to  have  yielded  good  values  in  both 

copper  and  gold. 

TOiJiSTnT  a.n. 

On  the  nortli  end  of  Ka^aan  Peniiisnhu  adjacent  to  Tolptoi  Bay* 
w^iich  forms  a  ^uod  anchtjrage  to  the  west,  considerable  prospecting 
has  lieen  done  and  numerous  locations  have  lieen  made,  but  none  of 
the  properties  Inive  been  developed  beyond  the  prospecting  stage. 
The  small  promontory  here  is  composed  largely  of  the  granodiorite 
intrusive  masses  which  are  exposed  at  Tolstoi  Point  and  along  the 
eastern  slope  of  the  mountain.  On  the  western  slope  and  along  the 
east  shore  of  Tolstoi  Bay  the  rock  exposures  are  principally  of 
tnffaceiais  sandstone  and  cunglonHirate  and  occasional  strata  of  lime* 
stone.  Both  the  stratified  atid  the  intrusive  rock  masses  are  cmssctit 
by  dikes  of  porphyry  and  dial)jist*  (see  PI,  I),  The  ore  bodies  are 
contact  metamorpliic  deposits  similar  in  character  to  those  shown  at 
the  mines  on  the  srnithern  part  ot  the  peninsula.  They  are  lenticular 
masses  of  magnetite  carrying  chalcopyrite  and  associated  with  garnet, 
epidote,  calcite,  and  quartz,  and  hiclosed  in  the  bedded  n>cks  near  the 
intrusive  granodiorite  contact. 

IRON    CM'    ijROtfP. 

This  pmperty,  alfio  known  as  the  Mahoney  group,  consif^tR  of  two 
claims  located  on  the  noi-thwest  slope  of  Tolstoi  Mountain  at  an 
altitude  of  1,000  feet  and  is  reached  by  a  trail  H  miles  long  starting 
from  a  cove  2  miles  southwest  of  Tolstoi  Point  (fig.  1).  In  1901 
this  property  was  prospec^ted  to  a  considerable  extent  by  open  cuts 
along  a  gulch  and  by  sevei'al  hundred  feet  of  diamond-drill  holes, 
but  since  that  time  it  has  l>een  idle.  The  conntiy  rock  consists  prin* 
cipally  of  tnffaceous  greenstone  intruded  by  syenitic  dikes  of  coii- 
siderahle  width  wliich  are  apparently  related  to  the  ore  deposits* 
Three  ore  lx>dies  have  thus  far  been  located,  the  largest  being  20  feet 
in  width  and  traceable  for  50  feet  in  length,  the  major  axis  striking 
N.  45''  W.  A  second  ore  iMTKly,  separated  from  the  first  by  a  30- foot 
dike  of  an  altered  intrusive  syenite,  is  12  feet  in  width  and  is  limited 
on  the  fcwt-wall  side  to  the  southwest  by  a  fault  plane  showing 
a  considerable  gouge  seaiiK  and  toward  the  hanging  wall  grades  into 
a  garnet-epidote  contact  rock.     The  third  oi-e  body,  which  lies  just 
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above  the  other  two  at  an  elevation  of  1,080  feet,  appears  to  be  a 
flat-lying  magnetite  deposit  only  a  few  feet  in  thickness. 

•   WALLAC'K    C.ROrP. 

llie  Wallace  group  includes  four  claims  situated  on  the  southeast 
slope  of  Tolstoi  Mountain  l)etween  800  and  1,()00  feet  in  elevation 
(fig-  1).  At  several  points  on  this  property  small  scattered  masses  of 
copper  ore  are  exposed,  but  at  no  place  have  investigations  been  suffi- 
cient to  determine  the  extent  of  these  deposits.  The  uppermost  ore 
exposures  have  been  opened  by  a  short  tunnel  in  which  a  vein  of 
garnet-epidote  rock  is  sliown  containing  chalcopyrite  and  striking  N. 
15°  W.  and  dipping  20°  SW.  At  the  lower  openings  a  magnetite- 
chalcopyrite  ore  is  exposed,  but  the  bodies  do  not  appear  to  be 
extensive. 

TOLSTOI  (;roiii». 

The  Tolstoi  group  of  claims  is  located  south  of  the  Wallace  group, 
just  below  the  sunmiit  of  Tolstoi  Mountain  (fig.  1).  The  ore  l)odies 
are  low-grade  magnet ite-chalcopyrite  masses  similar  to  those  on  the 
Iron  Cap  group,  but  they  have  not  been  so  extensively  prospected. 
Xo  developments  more  than  the  rec^uired  annual  assessment  work 
have  been  accomplished  on  this  ])roperty. 

i:i(:    FIVK    CLAIM. 

The  Big  Five  claim  lies  half  a  mile  east  of  Tolstoi  Bay,  on  the  trail 
to  the  Iron  Cap  group,  at  an  elevation  of  370  feet  (fig.  1).  A  tunnel 
50  feet  in  length  and  a  shaft  expose  scattered  masses  of  chalcojwrite, 
pyrrhotite,  and  pyrite  in  a  gangue  of  garnet,  epidote,  and  calcite,  the 
deposit  being  10  feet  wide.  This  deposit  is  a  replacement  in  lime- 
stone beds,  and  many  slipping  planes,  defined  by  gouge  s(»ams,  tra- 
verse both  ore  body  and  country  rock.  Assessment  work  only  is 
done  on  this  claim  each  year. 

KAKAAX   It  AY    PROSPECTS. 

SUNNY    DAY    (SROl'I*. 

The  Sunny  Day  group  of  three  claims  is  located  on  the  south  side 
of  Kasaan  Bay,  opposite  Kasaan  vilhige.  The  vein  follows  the  hang- 
ing wall  of  a  wide  porphyry  dike  striking  X.  05°  E.,  with  verti(*al 
dip,  and  carries  chalcopyrite  with  hnv  gohl  and  silver  values.  It  has 
been  traced  for  some  distance  l)y  means  of  surface  exposures  and  open 
trenches  and  found  to  vary  not  only  in  width  l)ut  also  in  mineraliza- 
tion. The  porphyry  dike  invades  a  complex  of  highly  metamorphosed 
greenstones,  with  occasional  marble  Imnds  and  bosses  of  diorito.  A 
tunnel  begun  several  hundred  paces  from  the  shore  has  been  driven 
150  feet  to  undercut  the  vein,  but  so  far  has  failed  to  do  so. 
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Thii^  group  of  two  claims  m  situated  on  the  9ast  mde  of  Twelveiiiilc^ 
Arm  about  3  niiles  stmtli  of  Hollis  and  ut  nn  elevation  of  alKiiit  1,000 
feet  The  vein  oiitcnujs  in  tho  beds  of  u  snnill  mountain  creek  and 
has  been  farther  investigated  by  a  short  tunnel  and  an  inclined  shaft 
25  feet  deep.  The  vein  strikes  N,  20°  E,,  dips  05=^  SE.,  and  occurs  in 
a  fraetiireil  limestone  l>i?U,  which  is  an  integral  part  of  a  formation 
inelutHng  chlorite  and  greenstone  schist  and  phyllites.  In  the  tunnel 
welbniarked  slipping  i)hines  lined  with  gouge  and  slickensidcd  were 
observed.  This  vein,  which  averages  [jcrhaps  C  feet  in  thickness,  con- 
tains pyrite,  chalcopyrite-^  and  malachite  in  a  quartz-cakite  gangue, 
and  is  reported  to  carry  values  uf  cropper  with  some  gtdd  and  silver. 
Ikvfore  actual  mining  can  Ix^gin  at  this  pfMut,  liovvevcr,  the  vein  must 
be  exploited  further  and  its  probable  extent  determined. 

N I  It  LACK    AN<iiaa&llE, 
(JENICEAI,    IH-^HCRIITIUN* 

Niblack  Ancliorage  is  a  small  einbayment  and  harbor  2  miles  in 
length  on  the  east  side  of  Prince  of  Wales  Island;  its  entrance,  which 
i.s  but  KM)  yards  witle,  connects  with  Moira  Sound,  The  topographic 
relief  in  the  vicinity  is  abrnjjt,  the  mountains  rising  to  altitudes  be- 
tween 1,500  and  2,000  feet  within  a  mile  of  tide  water,  A  broad 
valley  extends  northwestward  from  the  head  of  the  l>ay  and  is 
occupied  by  two  smnll  lakes,  I  lie  lower,  Myrtle  Lake,  l>eing  tliree- 
fourths  of  a  mile  long  ami  00  feet  above  sea  level,  and  from  this 
fall  suftictent  jxjwer  for  nunc  purposes  (*an  be  <jbttiined  (fig.  6), 

The  rock  ex|)osures  in  the  \icinity  nf  Xitdack  Anrhorage  (*onsist  of 
various  types  *jf  greenstone  schist  with  occasional  Imnds  of  quartzite, 
altered  grits,  and  qnartz-sericite  schist*  They  have  a  general  N.  60"" 
W.  strike  and  dip  from  iM)"^  to  liV-'  SW,  In  places  slickensided  sur- 
faces and  gouge  ^ams  were  noted,  showing  evidence  of  considerable 
faulting  at  various  angles  to  the  lines  of  bedding.  The  only  intrusive 
rocks  in  the  vicinity  of  the  ore  bodies  that  intersect  these  bedded 
rocks  are  occasional  dikes  of  diabase.  On  the  ridge  north  of  Niblack 
Anchorage  and  also  to  the  south  in  Moira  Sound  {see  PI,  I)  a  granitic 
intrusive  was  exposed. 

Pyrite  and  occasional  particles  of  chalcopyrite  are  distributed 
widely  throughout  this  rock  complex,  but  the  sulphide  minerals  are 
rarely  present  in  amounts  sufficient  to  warrant  exploration.  A  zone 
of  such  mineral  concentration  occurs  at  the  Niblack  mine  and  has 
been  devehiped  acn^ss  a  width  of  250  feet,  its  trend  being  northwest 
up  the  mountain  slope. 
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The  ore  bodies  in  this  zone  occur  as  mineralized  bands,  veins,  and 
lenticular  masses,  usually  parallel  to  the  rock  cleavage,  which  is  also 
the  bedding  plane.  The  bodies  which  are  of  most  importance  consist 
essentially  of  a  massive  sulphide  ore,  and  vary  from  10  to  100  feet 
in  length  and  from  5  to  20  feet  in  width,  and  extend  from  50  to  100 
feet  in  depth.  Many  faults  are  present  and  have  important  bearing 
on  the  shape  and  extent  of  the  ore  bodies.  The  ore  minerals  are 
principally  chalcopyrite  and  pyrite,  with  small  amounts  of  sphalerite. 


-«•>  Or*  bodies 

gjiK  Strik*  and  dip  of  country  rocfc 


FIO.  6 — Map  BhowiDf?  position  of  mine  at  head  of  Nlblack  Anchorage. 

the  chalcopyrite  occurring  principally  in  the  greenstones,  while  the 
pyrite  occurs  abundantly  in  both  the  greenst(me  and  the  sericite 
schists. 

NIBLACK    MINK. 

Situation  and  development. — The  Xiblack  mine,  located  (m  the 
Judge  claim  of  Lookout  group  No.  2,  is  situated  on  the  southwest 
side  of  the  anchorage  and  l)ut  a  few  hundred  feet  from  tide  water. 
This  property  was  first  developed  in  1002-1^  by  the  Wakefield  Mineral 
Lands  Company  and  in  1904  was  leased  by  the  Niblack  Copper  Com- 
pany, the  present  operators.  The  j^rincipal  mine*  workings  are  on 
the  Judge  claim  close  to  tide  watei*.  where  the  coppei*  ore  was  Krst 
discovered  (fig.  6).  At  a  point  150  f(H't  from  and  *U)  feet  above  \\\'^\\ 
tide  is  a  two-compartment  shaft  inclined  at  an  angle  of  ()8°.  From 
40840— Bull.  347— 08 D 
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thin  him  ft  four  i*^velts  have  h^ni  exteii*lecl  iit  depths  of  50,  lOU,  15CL 
Hiul  22i}  feet  from  tlie  surfuce,  and  during  tl)07  the  shaft  wus  extended 
aa  iidditiunal  75  feet  in  depth,  from  which  poiiit  the  liftli  level  was 
oj>ened  np.  The  total  amoimt  of  tmdergiHiund  drifting,  iiiduding 
nii^es  and  winz.e^  at  the  dose  of  1907,  is  estimated  at  ahont  5.500  feet. 

The  surface  developments  consist  of  a  shaft  honse  equipped  Avith 
a  500-foot  steam  hfji^t,  a  5*dr01  air  compressor,  a  wharf  700  feet 
long  extending  to  ileep  water,  on  which  ore  bonkers  have  l>eeH  erected, 
a  power  house,  a  machine  shcjp,  a  general  store,  and  various  other 
necessary  mine  buildingiR. 

Ore  hodles.-—ThnH}  large  ore  bodies  have  Iwen  opened  in  this  mine. 
lR*sides  smaller  veins  and  masses  occurring  in  the  sluift  and  along 
the  drifts.  The  north  or  ffmt-wall  vein,  which  has  3'ielded  a  large 
tonnage  of  the  ore,  is  200  feet  in  length,  and  averages  20  feet  in 
width,  and  about  100  feet  in  deptli,  having  the  shape  of  a  drawn-ont 
lens.  It  extends  fi"oni  the  surface  to  the  100-fo<Jt  level,  is  parallel 
in  strike  and  dip  to  tlie  greenstone-schist  inclosing  rock,  and  pitches 
northwesterly.  It  is  displaced  in  depth  bv  fault  planes  crossing 
the  rock  formation  at  an  acnte  angle  and  marked  by  a  gouge  2  to 
0  inches  wide.  Tf^liere  the  surface  of  this  fault  plane  was  observed 
in  the  stopes  its  face  was  grooved  and  polished.  Other  sli|>ping 
planes  occur  at  angles  to  this  main  fault  and  one  apparently  cuts  otT 
the  ore  IkkIv  in  the  face  nf  the  northwest  drift  on  the  .'iO^font  leveh 
The  south  vein,  which  has  been  developed  principally  from  the  150- 
foot  level,  is  similar  in  character,  but  not  so  large.  In  this,  as  w^as 
also  noted  in  the  other  deposits,  the  sulphides  of  iron  and  copper 
appear  to  have  replaced  the  greenstone  inclosing  rock  to  considerable 
extent,  and  fragments  of  the  altetetl  greenstone  are  present  in  the 
ore  mass.  These  rm-k  fragments  are  impregiiated  with  the  sulphides 
and  often  appear  to  grade  into  the  massive  ore  without  definite 
dividing  lines.  On  the  225-foot  lei^el  a  newly  discovered  ore  body 
has  been  exptjsed  over  a  length  of  90  feet  and  width  of  15  feet. 
This  bcRly  was  inteisected  by  an  altered  diabase  dike  apparently 
more  recent  than  the  ore  deposition.  The  shaft  is  Kniig  smik  lower 
m  order  to  investigate  this  ore  body.  The  smaller  ore  Indies  con- 
sist of  veinlets  a  few  inches  wide,  cutting  the  greenstone  in  various 
ilirections,  and  seams  of  sidphide  ore  in  the  more  schistose  rock 
following  the  stratitication.  In  the  country  rock  a  decided  penciling 
i>r  sliglit  fohling  occurs  in  the  more  schistose  beds,  forming  grooves 
pitching  50""  NW.,  along  the  lines  which  the  ore  bodies  seem  to 
follow. 

The  (U-e  minerals  are  chalcopyriie  and  pyrite  with  small  amounts 
of  s[Thalcrite  and  heiujitite  and  with  some  galenii,  the  gangue  niineralH 
lieing  quarts  and  calcite.     Besides  the  copper  content,  gold  and  .silver. 
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siiiiiniiiltng  io  ^IMi  to  $2,50  p«r  Unu  uJul  i  Ut  2  per  eent  of  mnc  are 
pre.>«nt  in  the  ore.  Tht*  nn**^  nlisn  ccintHiri  ctJiLsiderable  iron  and  siiU 
plmr  and  sufliLient  milieu  ftu'  bmelling  purposes. 

Tlie  Lookout  group  of  five  i'Uiim.s,  Ij^longing  to  the  Wakefipld  Min- 
eral Land  CuJiipaiiy,  i*s  i^ituutuil  on  tlif  suiiili  nliipt*  of  Niblsick 
Anchonige  betwetm  l,fK*0  feet  and  2,000  feet  elevation  and  al)out  I 
jilt*  from  tide  water  (fig*  (>).  These  chiinis  were  first  lifcated  in 
&tK).  nnd  in  1901  eonsiderdble  development  work  was  done  and  the 
inljaceiit  areas  were  prf>spected.  Xo  iniijortant  discoveries,  how- 
ever, were  made  and  only  a  sorall  anioni^t  of  assessment  work  has 
since  l*een  done.  The  pnnci|>al  developments  are  on  the  C  onuiidrum 
claitDt  where  a  1150- foot  tunnel  has  been  driven  along  a  belt  of  miner- 
iiiized  schist  striking  N,  (i^^  W.  and  dipping  70°  SW.  Along  the 
hiinging-wall  side  uf  tins  belt  is  a  schistose  greenstone,  containing 
stringers  of  mineral-bearing  quarts^.  A  second  tunnel  CO  feet  in 
length  lias  l>een  started  on  tlie  s^ime  belt  LIO  feet  ab<>ve  the  Inwer  tun- 
nel. On  t]»e  Loukmit  claims  at  I, (UK)  feet  elevation  an  open  cut  ex- 
poses a  mineralized  l>elt  of  considerable  width,  crmsisting  of  brecci- 
^tfd  sericite  and  greenstt>ne  schist  ifitermixed  with  quartz  and  small 
[lasses  of  sidpliides  wliieh  alsn  penetrate  the  scliists.  These  mineral* 
issed  iM^lts  are  low  in  grade  and  at  present  can  not  be  mined  with 
prt>fit.  The  introdnction  f>f  a  concentration  |>lant  to  obtain  a  richer 
pnxluct  for  shipment  is  under  consideration. 

corpCK  viAhy  mink* 

The  Copper  Cliff  mme,  n\m>  known  as  the  Dama  group,  is  located 
on  the  siHitli  side  at  Xibhu-k  Anchorage  ahfjut  I  mile  southeast  of  the 
Xihlack  mine  (fig.  0).  A  large  amount  ot  developnient  work  was 
done  on  tliese  claims  in  11)0:1— t  and  Ut  some  extent  in  IDOri,  Imt  since 
then  the  prt»perty  has  lieen  idle.  The  main  workings  are  on  the  Dama 
clriini  at  an  elevation  of  750  feet  and  consist  of  a  tunnel  '200  feet 
in  length,  fnnn  widch  2r>0  feet  of  crosscnts  and  tlrifts  have  been  ex- 
tended, and  a  shaft  10  feet  in  depth  siuik  at  a  point  200  feet  above 
tlie  tnnnel.  In  this  tunnel  the  mineralized  greenstone  schists  are  ex- 
|K*s<*(L  including  h-nticular  Innhes  of  massive  sulphide  ore*  Tlie  latter, 
however,  art*  smaller  and  contain  less  of  the  chalcopvrite  ore  than  the 
cn'e  lK>dies  at  tli*-  Niblack  mine.  The  inclosing  country  rock  strike-- 
N\  50''  W.  and  dips  50^  to  70'-  SW,  with  a  prominent  jointing  system 
striking  X,  45^  E.  and  di(q)ing  70^  SE.,  and  along  tliese  planes  thin 
leaves  or  films  of  native  copper  were  obsiU'veiL  On  th^  adjoining 
jdaim>  niineralisied  s^:*h!^t  is  exposerl  liy  open  cuts  on  tren*'hes,  \n\i  at 

lie  of  these  places  we^-e  ore  bodies  of  any  sisfie  observed* 
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Tlie  Wakefield  grou]j  of  ehiiins,  property  of  the  Moira  Cf>pper  Cohi- 
paiiy,  lies  about  2  miles  northeast  of  Nibhif^k  ni  an  elevation  of  1,100 
feet  J  on  the  etist  sUle  of  Luella  Lake,  and  cun  be  reached  by  trail  either 
from  Niblftck  Anchora|je  or  from  the  north  shore  of  Moira  Sound 
(fig,  7).  From  the  head  of  Xiblaek  Anchorage  the  trail  leads  over  a 
pass  lj850  feet  in  elevation  and  then  down  to  Liielhi  Lake  LOOO  ft^t 
above  sea  level.  The  eluims  were  located  in  1^04  and  have  not  yet 
been  thoroughly  exploited*  A  shaft  50  feet  deep  has  been  sunk  ex- 
posing n^  ore  Ijody  ft>r  25  feet  in  depth,  antl  several  open  cuts  Iniv^ 
been  made  on  a  mineralized  belt  of  schist.  The  countrj^  rock  is  made 
up  of  various  types  of  ^reenstcnje  schist  and  altered  slates  and  grits, 
htrikin^  N.  40°  W,  and  dipping  80*^  SW,  The  ore  ImkIv  is  a  lenticnlar 
mass  of  chalcopyrite  10  feet  in  width,  its  length  and  depth  being 
undetermined.  The  mineralized  belt  of  schist  is  about  tjO  feet  across 
and  contains  a  large  amomit  of  pyrite  associated  with  quartz  and 
epidote. 

l^iiWrn    ABM  «F  MfUltA   SSOf'NIK 

iiblNKRAL  Pt:St'Kn*TliJN. 

The  entrance  to  North  Arm  in  Moira  Sound  lies  jni^^t  nortli  of  Xib- 
Inck  Anchorage  on  the  east  coast  of  I'rince  of  Wak^s  Ishuid  (fig.  T), 
It  is  an  inlet  7  miles  in  length  with  a  northwesterly  trend  and  at  its 
head  is  a  narrow  channel  teraiiiuUing  in  a  ^' suit  chuck"  or  shaUow 
enibayinent.  Just  north  of  the  narrow  channel  a  stream  50  feet  wide 
tributary  from  Mineral  Lake  enters  the  bay,  and  along  this  stream 
are  the  principal  mine  workings.  The  rock  exposures  i!i  this  inlet 
include  the  various  types  ni  greenstone  and  sericite  sc^hists  interstrati- 
fied  by  beds  of  limestone  usmilly  altered  to  a  banded  siliceous  mar- 
ble. At  one  locality  an  attempt  has  In^en  made  to  quarry  one  of  these 
marble  de|xjsits,  but  so  far  with  little  success." 

CYMItlJ   Mimz. 

Sltuatwn  ami  dtmlopmrni^ — The  CVinru  mine  is  located  on  the 
north  side  of  Mineral  Creek  three- fourths  of  a  mile  from  the  head  of 
North  Arm  (fig.  7).  The  ore  r>ccurrence  at  this  locality  has  been 
known  since  l&OO  and  is  briefly  described  by  Alfred  IL  Bnx)ks,  wdio 
visited  this  section  ia  lOOL  Since  tliat  time  the  claims  have  been  re- 
located at  different  times  because  of  a  lack  of  as^ssment  work. 
Early  in  190(i  these  properties  were  purchased  l>v  the  Cymru  Mining 
Omipany  and  active  ijevelopments  were  lx*gun  juul  considerable 
ore  produced  the  same  year.    Mining  ojierationrj  continued   until 
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Juno,  1907,  when  all  work  was  suspended.  Tlie  |>res(Mit  developnienls 
consist  of  n  shaft  105  feet  deep,  from  which  two  levels  at  50  and  100 
feet  have  been  extended,  the  oO-foot  level  connecting  with  an  adit 
tunnel  184  feet  in  length.  On  the  surface  the  veins  have  been  opened 
to  a  considerable  depth  by  trenches  4  to  8  feet  in  width  and  several 
hundred  feet  in  length.  At  a  point  850  feet  to  the  west  of  the  shaft 
an  inclined  shaft  has  been  sunk  85  feet  deep  on  the  same  vein.  This 
shaft  also  connects  with  an  adit  level  80  feet  in  depth,  which  is  00 
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no.  7.— Sketch  map  of  Molrn  Sound,  HhowhiK  lomtinn  (f  mines  and  prospocts. 

feet  in  length.  A  surface  tram  of  r3G-inch  «ra^e  leads  from  the  mine 
to  the  ore  bunkers  at  tide  water,  a  distanct*  of  4,t2(M)  feet,  the  cars  Ink- 
ing propelled  by  an  8-horsi»p()wcr  <2:as()line  online.  From  the  ore 
bunkers,  which  have  a  capacity  of  1,()()0  tons,  a  wharf  40  hy  70  feet 
has  been  extended  to  deep  water  so  that  ore  ships  may  he  loaded  di- 
rectly from  the  bunkers  by  conveyor  behs. 

Ore  bodies^ — ^The  ore  bwlies  are  vein  d^j)osits  from  1  foot  to  10 
feet  in  width,  inclosed  in  a  limestone  country  rock  ^trikin^  X.  00°  W. 
and  dipping  65®  SW.  The  limestone  is  intcrstratified  with  quartzite 
and  greenstone  schists  and  in  man}^  places  is  banded  and  altered  to 
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UHirlili'.  Ill  i\n':M}  UhIs  funlting  fjhuios  immw  shdwing  snmll  di^pl^ia*- 
ments  ami  slu*ar  z<ji»"s,  Ffnir  vt^in^  parallel  wirh  the  stratificatioij  of 
th*^  iiu'losing  HH'ks  have  \mni  *^\|>o^4■tl  by  surfHue  treiK-hos  alt  within 
a  distaiitv  of  100  fwt  of  tmv  iuw\hvi\  The  ore  contained  in  tht?t?e 
veins  t'on^fiKts  of  jn  rite  and  t^ialropyrite  in  a  gtmpie  nf  f|iiart2  and 
calcite.  Small  transv^erst*  veinlots  also  ocrnr  in  the  wall  rock  adja- 
cent to  the  vein^^,  in  which  small  ore  inassc^s  are  present,  and  the  rock 
itself  is  at  many  places  imprtj^nuted  by  the  sulphide  minerals.  8ur- 
face  oxidation  or  weatherinpf  along  the  vein  outcrops  has  produced  | 
secondary  ores,  essentially  niahudiite  and  Ihnonite.  but  these 
practically  absent  in  the  underground  workings. 


(iKNKKAL    nKM'BIFTtO^V, 


^^^       Hkowl  Arm,  an  inlet  1:1  inile^  in  length,  ims  its  entrance  due  w^F 
I  from  the  south  end  of  Kasaan  Peninsula,  and  4  miles  inland  is  the  ^J 

■  mouth  of  McKenzie  Inlet,  the  south  branch  of  Skowl  Arm  <fig*  B)-fl 
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ti  miles  from  Cholmondeley  Sound, 
hut  the  intervening  land  rises  to^J 
a  high  elevation.  The  shores  of  ^| 
this  arm  are  abrupt  and  the  sur-  ^ 
rounding  mountains  rise  to  al- 
titudes of  H,(XM)  feet  or  more*^ 
The  channel  itself  is  free  from 
dangers  to  a  point  1  mile  Ijeyund 
the  mouth  of  MeKeujeie  Inlet. 
Beyond  this  point  and  also  inj 
McKenzie  Inlet  are  many  reefs 
and  rocky  islands,  rendering  nav-  ^ 
igation  dangerous.  ^M 

The  rock  exposures  around  the^l 
shores  of  this  inlet  are  coin  posed 
largely  (jf  a  complex  of  dioritic 
and  granitic  intrusives  which 
invade  the  older  limestone  and 
greenstone-schist  strata  expased 
along  the  north  shore  of  tlie  inlet 
and  to  the  south  in  Cholmon* 
Ftc.  8.— Sketch  map  of  McKi*nxie  inh^t  ^l^ley  Sound.  Within  this  area 
»in>wiDj?  mim-  loL^uiroDs.  of    igneous    rocks    ai-e    included 

belts  ut  sc'hist,  gneiss,  and  shear  zones,  and  it  is  in  these  that  the 
ore  bodies  are  found.    The  principal  ore  deposits  at  the  head  of] 
MvKmv/Av  Inlet  consisi  of  masses  and  heavily  mineralized  port  ions  J 
of  the  schists  containing  essentially  pyrite  with  chalcopyrite. 
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KKAYVAVr     MINK. 

Sififfftkm  ftmf  der/'hfmtritt, — The  Khuyyaiii  inint^,  operatf'il  f)y  the 
Oniflr  Milling  C«iiii>iiTiy,  is  situnhMl  rf^riOO  fet*t  above  si-'ji  level  on  the 
Fiunmit  of  a  mountain  rixlge  '2.8  miles  in  an  air  line  s^Kithwest  of 
Kiain*  a  mining  rainp  on  McKen?Je  Inlet  (fig,  s).  This  property 
was  first  hx^attul  in  1891),  and  from  lf>01  to  11)05  mine  tlevek^pnients 
i>n  a  consideraihle  scale  ivere  nccomplishe*l  and  transportation  facili- 
ties were  extended  to  tide  water.  In  WQi*  operations  were  suspended, 
lint  in  July.  1007,  were  again  resumed,  and  were  in  progress  nntil 
Oetol>er.  The  mine  workings  cmisiist  of  si^veral  long  tunnels  r.O  to 
t»BO  fiTt  in  hngth  at  elevations  of  2,000  to  2,500  feet  above  tide 
water.  From  tliej^e  workings  an  aerial  tram  I  mile  in  length  carries 
the  tii'e  to  bunkers  in  the  valley  bottojii,  whence  it  is  transported  over 
a  surface  tram  2\  miles  long  to  ore  bunkers  at  tide  water,  where  it  is 
loaded  into  boats  and  shipped  to  the  smelter, 

O/'t  hodiiH. — ^In  general  the  ore  bodies  are  elongated  lenses  of  sul- 
phide ore  coineiding  in  s^trike  and  dip  with  the  sehistosity  ni  the 
inelosing  roc^k.  The  surroimding  formations  vary  greatly  an*!  consist 
cliiefly  of  banded  basic  hornblende  gneiss  (altered  diorile)  interbanded 
with  more  siliceous  gneiss  lielts^  the  trend  of  the  structure  being  N- 
85''  \V.  and  the  dip  80°  to  1)0^  north.  Several  diabase  dikes  were 
noted  ini Hiding  this  coinplex  of  altered  igneous  rocks,  and  one  dike 
W  feet  in  width  striking  N,  65°  W.  at  a  slight  angle  to  the  sehis- 
tosity can  Ire  traced  nearly  a  mile.  These  dikes  are  of  relatively 
recent  intrusion  and  have  played  no  part  in  the  formation  of  the  ore 
bodies-  Two  systems  of  joint  planes  are  present  along  which  faulting 
has  occnrred.  The  one  system  strikes  N.  80°  E,  and  dips  RO"^  S.  witli 
an  almost  horisiontal  pitch  indicated  by  stria*  and  grooves  along  the 
fauh  idanes.  The  sec<m«l  system  strikes  north  and  south,  dips  (>0^  to 
80^'  H,  and  |>itclies  00'^  to  70^  X.  At  one  [KJint  a  fault  of  tins  system 
limits  the  ore  body  and  is  defined  by  goucrc  and  broken  njck.  Many 
({uartx  veinlets  are  present  along  this  transverse  system  of  jointing 
cracks.  The  ore  bcHlies  are  probably  genetically  related  to  the  diorite, 
niiil  parlick*s  of  the  sulphide  minerals  are  finely  disseminated 
Ibronghout  this  rock  where  massive  and  less  altered.  The  contacts 
of  the  mv  masst.*s  are  usually  well  ilefined,  but  in  some  places  the  ore 
is  ''  frozen  ''  to  the  walls. 

The  ore  bodies  have  been  exposed  on  the  surface  by  open  pits  and 
trenches  and  have  been  cn>sscut  at  a  depth  of  50  feet  by  the  Pttwcll 
tunnel  *2'iO  feet  in  length.  In  this  tunnel  four  ore  bodies  varying 
from  6  to  20  feet  in  width,  along  which  350  feet  of  drifting  has  been 
extended,  are  exposed.  These  ore  iKalies  are  all  limited  on  the  west 
tjy  a  faidt  plane,  the  disi>laccmeut  of  which  is  not  know^n.  The 
Kimball  adit  timnel,  350  feet  lower  than  the  Powell  tunnel  and  ftSO 
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fci'l  ]n  luugUu  rnjssi^s  i\w  forma  I  ion  so  an  to  hdtnxvpi  nil  ul"  tlu*  ore 
bodies  exposed  jd>ovf»  it.  hut  iMieouiiters  no  iniiienil  bodii^s.  iind  (*x- 
poyes  oidy  the  hsmtled  and  jointed  diorite  in  whieh  sulphides  or  iran 
in  scattered  pariieles  oceur  loeally.  From  the  ohs<^rvatiou*i  in  the 
titnnels  and  surfaee  opeuinprs  the  ore  bodies  ap}-H^ar  to  have  the  form 
of  irregular  elongated  Imses  nearly  verticul  in  position,  with  the 
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major  axis  parallel  with  the  sehisto^ity  of  the  inclosing  rock  (see 
fig,  9).  The  main  ore  zone  has  l>een  traced  for  500  feet  or  more  in 
len^h  and  is  alxjut  50  feet  wide.  Transverst*  fault  in<r  has  displaced 
these  btnlies  (*onsidei'ahly  at  some  ptnnts-  The  uiineml  content  of 
these  iri-egiilar  depoi^its  is  chiefly  pyritp  with  disseminated  chalco- 
pyrite,  a  t^mall  j>ercentage  of  pyrrhotile,  and  some  sphalerite  and 
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limgiietite.  A  sample  riikeii  by  IL  \\\  Tiirjier*  from  Xo.  1  lens  in 
the  Pow(*ll  aiHt  was  piilvtrizeil  and  Heated  wilh  a  luinseshoe  niai^rnet 
und  yi^^lded  T  per  cent  of  imignetitic  pyrite  orpyrrhotite.  From  the 
remaining  sulphide  the  ehaleopyrite  was  separated  and  each  of  the 
three  sulphide  minerak  was  then  assayed  to  ascertain  wliether  the 
precious  metals  accompanied  a  partieiihir  stilphide.  The  following 
results  were  obtained : 

Anftfi/>^H  %if  Mtitphidi'M  frum   Khnttifttm  mhtr.  >fktttri  Arm,  fttr  t/tfhl.  tiiivfr,  and 
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The  eopper  content  of  tlie  pyrrhotite  and  pyrite  is  attributed  to 
finely  di^seiii-uated  chalcf*pyrite  in  tlieni,  and  the  higher  content  of 
precious  metals  in  llie  tlialci»pyrite  sni^gests  that  the  gold  and  silver 
favor  this  sulphide.  A  qmditative  te,st  of  the  pyrrhotite  cu*e  was  made 
for  nickel,  Init  none  was  fi>und.  The  values  in  the  ore  are  essentially 
in  copjH*r  and  gohl,  but  the  isulphur  content  i;^  considerable,  tmd 
tkruugh  this  cujibtituent  alone  the  ore  may  be  of  value* 


MAMiloTIl    OBOtTp, 


Location , — The  Mammoth  and  Lake  View  claims  are  situated  about 
1  mile  J^outheast  of  the  Kliayyam  mine  at  1^200  feet  elevation,  just 
al>ove  the  head  of  the  Khayyam  surface  tram  (%<  8).  These  pros- 
pKH^ti^  are  along  tlie  same  general  line  of  strike  and  in  the  same  rock 
formation  a^  the  Khayyam  ileposits,  hut  the  ore  iKnlies  ex|Hised  are 
lode  deposits  of  fairly  uniform  widtli  and  ccmtinuous  in  extent. 
Tlie  mine  developments  on  the^  properties  cotisist  of  two  long  tun- 
nels and  several  ojjcn  cuXi^.  During  lf>07  work  w^as  in  progress  from 
July  to  ()ctol»ei\ 

fJn  hodkn. — The  main  workings  are  on  a  lode  deposit  some  20 
feet  wide  ami  in  this  the  richer  ore  is  concentrated  along  the  hanging 
wall  across  n  witltii  of  2  feet.  The  strike  of  the  lode  is  N.  75°  W. 
and  dip  BO^  X.,  the  inclosing  rock  l>eing  the  metamorphic  schists. 
The  ore  mass  is  couiposed  of  pyrite,  pyrrhotite,  chalc<ipyrite^  some 
tmv  lilende,  and  magnetite,  with  qnartz,  calcite,  and  chlorite  occur- 
ring sparingly  as  gangue  mitierals  The  same  vein  has  been  exposed 
on  both  Wumnjotb  No.  1  and  No,  2  chiims  over  a  length  of  1,000 
fet^t  ami  has  l»een  developed  principally  l)y  two  tunnels  180  and  165 
feet  ill  length,  at  elevations  of  1.100  and   1,2;10  feet,  resi>ec!tively. 


•MIn.  «n<t  ad.  Pt^HB,  Augu«t   !!,  IUO0. 
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I  Otlit^r  on*  innss<'s  Mini  Ijiinds  ui  uthwrnVrMH]  a4iist  have  bot*ii  fouml  uii  | 

I  them*  claims  and  invest i|ri»ti,Hl  by  ^surface  stripping  and  open  cuts. 
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ftraTinn  Ifiland,  containing  102  sqnare  miles,  i*^  separated  from 
Kevilla^igedo  Inland  by  Tonpias  Xarrows  and  forms  a  coiupiinitively 
low,  heavily  timlx'iTd  mountain  inat^s  west  of  Ketchikan,  The  higliest 
peaks  are  lesK  than  3,000  feet  altitude.  Along  the  northeast  and 
noHliwest  shores  of  the  ishind  nx'ks  of  the  slate-gret*nstone  lielt  are 
exposed.  These  overlie  a  succession  of  older  schists,  liuiestoiies,  and 
occasional  conglonu^ratc  lK*ds  of  Devonian  and  lower  Carl>uniferou!5 
ages,  which  are  exposed  at  Vallenar  Bay  and  tiloii^  tlie  southeast  and 
southwest  shore  of  the  island.  Intruding  these  l)eds  are  large  masses 
of  dioritt*  which  form  a  eonsiderubk*  p(U*tiou  of  the  east  and  west 
moinitain  ridges.  Intrusive  dike  r*jeks  of  various  composition  are 
also  present*  and  on  the  south  end  of  the  island  is  an  area  of  rhyolitic 
luvii  flows  and  tuffaceous  betls  (PL  II). 

The  mineral  deposits  consist  of  ore  bodies  bearing  both  copper  and 
gold  and  wcurring  in  lodes  and  veins  in  invguhir  masses,  Copj>er  de- 
posits are  being  develoj)ed  in  tlie  vicinity  of  Dall  Head  and  Seal  Bay, 
on  the  south  enil  of  the  island,  and  near  Vallenar  Bay,  on  the  north 
end.  The  gold  deposits  are  confined  to  the  si  ate- greenstone  rocks 
along  the  northeast  side  opposite  Ketchikan, 


PBQSFEtTS  AT  HKXL   BAY  ANl>  PALL  READ, 


Consideral>le  pros|H?cting  has  been  done  on  the  southern  end 
Gra^ana  Island,  coppi*r-l3caring  deposits  Iiaving  been  discovered  and 
ex|>loited  at  se%'eral  Itx-alities.  The  geology  of  the  region  is  extremely ^j 
intricate,  owning  to  the  great  variety  of  intrusive  and  extrusive  rockn^f 
and  to  the  intricate  faulting  which  has  affected  the  entire  roi4v  com-" 
plex.  The  general  topogniphy  is  rough  luid  is  controlled  apparently  i 
in  large  measure  by  the  Ijed-rock  geology.  The  west  side  of  Gravina^f 
Island  is  flanked  l>y  a  range  of  hills  which  join  north  of  Dall  Bay  ' 
witli  an  abrupt  ridge  nnniing  parallel  with  the  southeast  shore.  The 
latter  ridge  consists  largely  of  red*colored  porphyritic  lavas  and 
tufts,  frefjiiently  inten^rdated  with  calcareous  deposits  in  which  traces 
of  fossils  are  visible.  West  of  Dall  Bay  banded  gneiss  covet*s  a  large 
area,  and  still  farther  west  in  a  small  bay  a  fossiliferous  limestone! 
conglomenite  of  lower  Carboniferous  age  was  discovered,  which  con 
tains  abundant  altered  eruptives  and  is  underlain  to  the  ,^nth  by_j 
eruptive  rocks  of  various  types.  Along  the  shores  of  Seal  Bay  vl^M 
similar  conglouu4*ate  iwcurs,  but  it  is  less  ealcnrerais  and  without^ 
fossil  remains*     Near  6eal  Bay  numerous  large  dikes  of  pegmatite 
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inviiile  the  Hchkt*  i|i!ai*tJsiti*H*  ami  ^rrtH^iit^toiias,     The  ^jrieral  «triki'  uf 
tilt?  schist^  i^  filpniii  north  :ukI  thi*  dip  vi^rtiejtl  or  stwp  toward  tho 

The  ore  hcKlies  oix^ir  fliii^tly  akmir  phmen  of  iHovemeiit  in  the 
schists,  espeeiiilly  alnii^  the  phmes  of  hcH]fliu|r  nnd  *idnstosit_y.  In 
genemK  deposits  are  f<mml  ^]>onulirtilly  and  do  not  appear  to  jiersist 
for  nny  distance  iilon^  tiie  siirfnoe*  Xo  ore  hodies  have  yet  been  de- 
vehjjjcHl  in  deptli  in  this  ai^ea,  11  ml  it  is  prolmble  tlmt  their  ofciirrence, 
both  horizont^dly  and  vertieally.  is  irre^nhir.  The  ore  is  rhiefly 
pyrite  nnd  clmlcopyrite,  i-arrying  some  *rold,  with  quartz,  <*alcite, 
chlorite,  and  iron  cnrbouate  as  ^aniriie.  Witli  tlje  exception  t^f  one 
claim  near  Dull  Head, 
the  chiinih  in  tliis  invii 
hftve  l*een  develo[>eil 
very  slightly  (hiring 
the  last  few  yeiWH  and 
have  changed  bnt  lit- 
tle si  net*  ItiOl,  Avhen 
Bi'iKjks  visited  III  id  re- 
]K>rted  on  the  princi- 
j)al  rhiiins.  It  wilL 
therefore,  fie  necessary 
here  only  to  supple- 
luetit  his  descriptioiisj 
witli  the  mention  of 
the  few  changers  that 
have  oiTuri'ed  in  the 
intervening  yegii*s. 

thi  t  b  e  Concuiil 
griHip  near  Da  1 1  Head 
a  .sliaft  has  recently 
l>een  nnnk  on  a  3-tmyi 
veio  striking  N*  2(1" 
W,  and  dipping  verti- 
ciilly  in  H  coinitry  rock 
of  nietami>rphosed  breccia  eonglomerato  (tig.  10).  The  metallic 
inhu'rals  are  pyrite  antl  clialcopyrite  witli  quartz  and  carbonate 
gimgue.  Nearer  the  >iliore  on  the  Sunford  groni?  a  similar  vein  has 
l>ei*n  expased  by  open  cuts  and  a  :ihort  shaft  in  a  much-altered 
chlorite  rock,  but  high  values  do  not  characterize  these  ore  bcKiies, 
Tlie  claims  visited  by  tiie  ivriters  were:  The  Jewel  claijii,  on  a  quartz 
vein  with  pyrite  striking  north  and  south;  the  Doe  claim  on  a  quartz 
Vrin  3  iu  i»  feet  wide,  striking  X,  20°  K,,  containing  pyrite  an<I  chal- 
copy  rite,  and  inchised  in  a  silict'uus  chlorite  schist:  the  Buck  claim,  on 
n  wide  quartz  vein  in  altered  quartzite  and  schist,  which  is  reiwrted  to 
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iissny  well  ill  gtihl  mid  ropper:  tlie  Daniati  iiiid  PliityHs  diiiuis,  on  a 
qiuii'tz  win  lit*inily  iiiiiiernliziHl  with  jiyrito  iiml  striking  X,  '20°  W. 
in  a  bandetl  chlorite  country  rock;  tlie  Bay  View  claim,  on  a  quartz  ^J 
vein  with  pyrite  and  clialcopyrite,  along  which  a  l(X)-foot  drift  has  ^M 
been  driven;  the  Grotto  claim,  on  a  wide  vein  deposit  which  has   ^ 
lx*efi  develojxjd  by  about  550  feet  of  drifts  and  crosscuts,  and  which 
occurs  along  slipping  planes  in  a  complex  country  rock  consisting 
of  chJoritie  .schists,  conglomerute^s  ami  altered  eruptive  nias^se^;  the 
Big  J(R^  claim,  on  a  well-defined  10- foot  quartz  vein  i^tr iking  north  ^J 
and  southj  which  carries  pyrite  and  some  chalcopyrite  and  can  be  ^M 
traced  for  over  3,000  feet  in  innch  metamorpliost^d  chlorite  sc^hists;  ^ 
the  Hobo  and  the  War  Eagle  claims,  on  a  10-foot  vein  with  well- 
defined   wttllfi  containing  pyrite  and   chalcopyrite;   the  Algonquin 
group  of  four  chiinis  and  the  Black  Warrior  group  of  thrt-e  claims^ 
on  small  veins  of  the  usual  type  in  ehloritic  schistose  country  rock; 
and  the  Carita  gioup.  located  in  a  cove  1  mile  west  of  Dall  Bay,  on  a 
<piartz  vein  in  ealcarecnis  conglomerate  earvyitig  stringers  of  ehal- 
copyritc  (fig  10). 


PMOHFIiCT.S    AT    VALT.CNAK    MAY, 


During  the  early  mine  developments  of  the  Ketchikan  district 
in  1801)  and  1000  much  work  was  advanced  oii  a  group  of  claims  at  the 
head  of  and  to  the  west  of  Vallenar  Bay  {PL  II).  Shafts  were  sunk 
and  tnnnels  driven,  but  tht?  ore  bodies  did  not  prove  to  be  extensive, 
so  that  work  was  soon  ^suspended  and  has  not  l>een  i^sumed*  At  the 
Six  Point  proixM'ty  on  the  west  side  of  the  bay  the  shaft  and  tunnel 
expose  a  quartz  vein  apparently  following  the  contact  of  a  tliabase 
dike  and  containing  pyrite  witli  some  chalcopyrite,  the  inclosing 
country  rock  being  a  slaty  limestone.  The  vein  is  but  a  few^  feet 
in  width  and  pitu.4ies  to  a  narrow  seam  in  several  places.  Southivest 
of  this  property  on  the  west  coast  of  the  island  is  the  White  Knight 
group  of  two  claims,  on  wiiich  liave  I>een  exposed  small  masses  of 
chalcopyrite  ore,  associated  with  pyrrhotite  and  pyrite,  inclosed  in  a 
greenstone  country  rock*  Practically  no  work  has  been  done  on  these 
mineral  deposits  and  little  is  known  of  their  extent  and  value. 


tiH^KHAL    llESCgjHTIQN. 

Duncan  Canal  is  ati  inlet  20  miles  long  and  three-fourths  mile  to 
li  miles  wide,  on  the  south  side  of  Kupreanof  Island^  3  mil^  west 
of  Wrangell  8 1  raits.  At  the  head  of  the  bay  is  an  extensive  tide 
flat,  which  nins  dry  at  low  water  and  prevents  navigation  farther 
than  12  miles  from  the  entrance.  At  high  water,  however,  a  small 
launch  or  rowboat  can  proceed  to  the  head  of  the  long  arm,  shown 
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tm  \Uv  mnih  inul  fimn  Lhis  u  low  inai^ihy  valley  extends  northward 
aefOKs  the  ishmd  to  Portage  Buy,  a  distanc*^  of  5  miles  (fig,  11). 

Tlio  rm'k  formntioits  of  this  auml  art*  nuido  up  essentially  of  shites 
and  grei'Hstt*u*'s  ulciiig  t!ie  ejislern  shon^  and  of  calcareous  and 
stliceoiiHi  schists  on  the  wt^steni  sliore.  In  the  ceiiter  of  tlie  canal  is  a 
small  island  composed  of  lava  showing  Inisaltic  structure  (PL  III). 

Tlje  mirtcral  deposits  are  all  located  at  the  head  of  tlie  hay  and  are 
readied  liy  trails  starting  Irom  the  center  ami.  They  couaist  of  vein 
deposits  either  in  the  shites  and  greenstones  or  in  the  t^chists,  which 
'ontain  principally  values  in  copper,  %vit!i  some  gold  and  silver.  None 
of  the  properties  have  teen  de- 
velo|>efl  beyon*!  the  prospecting, 
stage,  and  there  has  therefore 
Iwen  no  pro<Uiction  in  this  see- 
tion. 

1X)KTA(1E  MOtrXTAlN   i;KOTrr. 


This  group  of  claims,  owned 
by  tlie  Portage  Mcauilain  Min- 
ing  Company,  is  situated  4  miles 
from  tide  water  at  tlie  liead  of 
Duncan  CanaL  at  au  elevation 
from  2,0(K)  hi  tmH)  feet  on  tlie 
west  slo[je  of  Portage  Slomitain 
(fig.  11).  The  ro<'k  formations 
cm  these  properiies  consisit  of 
slnies  and  gn*etistones  intruded 
t>y  diorite  musses  and  dikes  of 
dialmse.  The  mineral  bodies  are 
vein  dej>ositH  striking  northeast- 
ward across  the  general  north- 
west trentl  of  ihe  im^lming  slates 


Fici.  H.^Map  litio^iiff  location  of  roriJij^p 
Mountain  ami  Kupr^ntiof  itPoii|MJ!  of 
iliUms  II nd  prcwpr-i-tft  nt  the  h**iid  of 
Fill  nam  Ciin.nL 


and    greenstones.     Several    veins 

at   various  points  huve  been   lo- 

cateil  and  prospet*ted  by  small  o|>en  cuts.    They  are  but  a  few  feet  wide 

and  <*ontain  siaue  chnlcopyj'ile  and  small  values  in  gold  and  silver, 

the   gangue   Wing  tpiart;^   and    calcite.     Although   mineral-bearing 

veins  ai'c  exptjsed  nt  a  dozen  or  more  poiiits,  no  hirge  ore  bodies  have 

as  jet  been  developed  in  this  area. 
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The  Kiipn^anof  gronii  of  elaims,  owned  by  tlie  Portage  Mountain 
Mining  Company,  lies  r?  niiles  to  the  east  of  the  Portage  group.  It 
h  2J  miles  from  the  head  *jf  Duncan  Canal  and  at  an  elevation  of 
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BUO  ftfft    (fig.  11).     Tlii.^  gmiqj  was  first  loaUed  in  11)00  and  was 
woll  i>rospt!(.*ted  by  tunnels  innl  shtift-s  after  which  no  work  wai^  doiu\ 
and  the  claims  were*  ruluaitod  in  1902.     Since  that  time  little  more        i 
than  the  annual  asseasment  work  has^  been  done.     On  this  property  ^M 
a  vein  deposit  200  feet  long  and  fnan  3  to  0  feet  wide,  having  a  nortli-    " 
easterly  strike  and  dip  of  30^   N.,  into  the  mountain,  is  expos*?d 
at  several  poijits.    The  vein  material  is  compoi^d  largely  of  sulphide 
mitierals,  pyrite  and  pyrrhotite  iiredoniitiuting  and  containing  dial* 
copy  rite  and  small  values  in  gold  and  silver*     The  ga ngue  Is  qnartz 
and  calcite,    A  considerable  quantity  of  ore  of  moderate  grade  has 
been  tlevehjpetl  at  tliis  loeidit y,  l)ut  the  position  of  tlie  deposit  is  not 
now  favorable  for  economical  mining. 


TAYl.OK    tnKKK    PM*lWt*K('TS. 


The  prospects  up  Taylor  Creek  are  located  li  miles  from  West  Bay 
at  the  head  of  Dunemi  Camd  at  an  elevation  of  170  feet  (fig.  11), 
These  locations  were  made  in  11)04,  and  small  developments  have  since 
been  made.  An  oiwn  cut  30  feet  long  on  tbe  west  side  of  the  creek, 
100  yards  above  a  cabin,  t*xpost*s  a  12-foot  band  of  minerali^d  lime- 
stone intersected  by  quart /.  veialets  and  contuiidug  galena,  sphalerite, 
pyrite,  and  ciialcopyrite  in  snndb  *^cattered  patches.  The  i^trike  of 
this  deposit  was  N.  80°  W,  with  a  dip  of  45^  NE.,  parallel  to  the 
bedding  planes  of  the  inclosing  rocks.  Diabase  dikes  from  1  foot 
to  (i  feet  wide,  strikhig  northward,  were  observed  in  the  creek  bed 
intruding  the  rocks, 

GOLD   MINES, 

(ji;^EHii.  STATED i::sT. 

The  gold  mines  of  the  Ketchikan  and  Wrangell  districts  arc  few 
and  scattered,  and  only  a  simdl  nund?er  of  tbe  many  gold  prospects 
and  claims  have  been  developed  to  the  producing  stage.  Although 
tins  metal  is  widely  distributed  in  nil  of  the  older  rock  formatiuns, 
both  in  veins  and  lodes,  it  is  rarely  found  in  deposits  of  snfficient 
si^e  ami  grade  to  constitute  on^  botlies.  antl  tliosci  kicalities  where  ^ 
the  ore  bodies  ai*e  being  mined  are  necessarily  located  bnt  a  short  ^M 
distance  from  tide  water*  where  trans{X)rtati(Hi  facilities  and  water  "^^ 
j)ower  are  sivaihdxle.  The  ore  jmnluced  In"  thes<^  mines  is  for  the 
most  part  free-milling,  that  is,  an  ore  from  which  (he  greater  per- 
centage  of  the  gold  content  imiy  be  extracted  by  amalgaimition.  It 
is  therefore  most  advanlageonsly  treated  in  a  ^tanip  mill  bv  amal- 
gamation and  concent  ration,  and  the  concentrates  alone  should  be 
shipped  to  Uie  -smelter  fur  tn^atment,  though  in  certiiin  instances  whero  ^d 
a  siliceous  iyw  i.-^  in  iltMiuiud  tire  gohl  ore  bas  l*een  sold  direct  to  the  ^M 
smelter.    lu  general  the  vein  ores  contain  the  largest  values  i>er  ton, 
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Ifiit  tlii*  UmIv  lJ^^s  tlioytrii  l^wor  in  gnu\v  mv  prrs^nit  ]u  great4jr  tjimii- 
lity.     Both  tyiHib  uf  dcjiofeit  ur*  biViiig  uiiiied  with  profit 

Gemral  flfftcrlpfmn, — Thoriu*  Arm  is  a  wide,  dt^ep-wutpr  indenta- 
tion in  tht!  siiuthcrri  imhI  of  Kevillai^igedo  iHlund*  Its  ^4*nenii  trtsiul 
is  about  nortU  and  i^nXli  uciosh  the  strike*  of  the  underlying  country 
HK^c.  The  di^^sected  mountain  ridges  are  les.s  preeipitoiis  and  knver 
than  thojic  to  thii  eant  anil  ranOy  exeeed  ^^,000  feut  in  elevation.  Abun- 
dant L'videiiee  ui  intenne  ice  abraHioii  characterizes  the  hmdscape  on 
all  sides*  The  sliore  line  is  tibruf»t  and  roeky  and  near  the  heiul  of 
the  liay  should  Ix*  appruavhet]  in  I  a  wits  with  caution  hecauj^  of  hidden 
rt^fs  and  r*K^ky  shelves  wldch  extend  far  into  the  bay. 

The*  l>ed-rix*k  ^^ohi^y  is  complex  and  strnctundly  intricate  (PL  II), 
At  tlie  upper  end  of  Thorne  Ann  ai-e  crystalline  Sichists  and  lime- 
stonesj  whi?i*eas  toward  the  eentral  part  slates  and  gn«?nstones 
intruticd  by  lar^e  iin4ssi*h  of  altennl  lmsi<^  igneous  rocks  predominate. 
The  entii'e  complex  is  further  cut  by  hit€*r  granitic  and  dioritic  intru- 
sive dike,s  and  sttxks  similar  in  character  to  the  Coast  Range  granmli- 
orite.  The  southern  third  of  the  bay  cuts  acron^s  a  wide  intrusive  Ijelt 
of  ^'anodiorile,  whicli  iu  places  eotitaiiis  garnet  as  an  iicit^ssory  eon* 
stituent  and  is  noteworthy  because  of  its  uniform  composition  and 
apivaranee  and  tln^  ahsent-e  of  dikes  wliicii  prevail  ah>n^  tlie  we,st- 
em  contact  of  the  Coast  llange  intrusives.  Dike  rocks,  ranging 
in  composition  fnau  <liabas<^  to  aplite  and  (piartx  porphyry,  ai^  also 
common.  At  the  Sealevel  mine  a  dike  rm'k  occni*s  in  conjunction 
\\\i\\  the  ore  benly  and  was  descriln^d  l»y  Brooks**  as  an  altered  rhyo- 
Hte  (aporhyolite).  It  is  interesting  Ixcause  of  its  pmbable  iMniring 
on  the  gimrsis  of  tlie  ore*  The  latest  rocks  in  the  Thorne  Arm  region 
are  postglacial  basaltic  hvva  t!ow>,.  which  txcnr  as  wide  sm*ticial 
sheet^i  near  the  northwest  head  of  the  hi\\\  al^)  northestst  of  Sealevel 
«fid  Ti  tniles  to  the  south  alojig  [he  shore.  These  lava  flows  are  of  the 
nsnal  feldspar  basalt  tyi'e  with  ot.*casional  crystals  of  olivine  showing 
oidy  sbght  altfU'ation  rind  iire  iii  nuiny  [daces  vesicular  an<l  rougli  in 
apiM*arnnce:  columnar  jointing  characterizes  many  cxposure-s.  Al- 
though postglaeiab  thesi^  hivns  are  covered  moi"e  or  le.ss  completely 
with  a  deu>^e  fi^rcist  gi'owth* 

Slineralixation  ip  wddespread  in  this  iH»gion,  esjiecially  near  the 
intmsive  granite  mass<^s.  Xear  Sealeveh  where  prospecting  has  been 
done  UMJst  energetically,  tlte  vsdues  are  containe*!  in  gold-  and  silver- 
bearing  quartz  veins  included  in  the  sericite  and  greenstone  schists  and 
iHunlly  following  or  crosscntting  an  intrnnive  dike  rock.  The  veins 
tiT*nil  in  a  genend  northeasierly  directicpu  ;)nd  dip  scMilheast  at  varia- 
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ble   angles,  frequeiUly   filling  ori^^iiml    slipping  planes  or   fisi»m'es| 
lK>iintkd  by  iiva  walls  wltii  more  or  lt?ss  giniga  niateriiiL 

The  ore  consists  UHually  of  the  sulphides,  pyrite,  pyrrhotite,  galena  J 
and  sphalerite  in  variable  quantities,  together  with  occasional  parti-] 
cles  of  native  gohl  The  ^nin^no  minenils  are  chiefly  quartz  and  cal- 
eite  with  variable  auioinits  of  rhlorite^  umscovite,  siderite,  and  i>er- 
hapB  feldspar.  Considerable  gold  was  extracted  from  the  Sealevelj 
vein  several  yearn  ago,  thtajgli  in  the  last  few  yeari^  no  work  has  beeiij 
done. 

The  accoiapanying  ^sketch  map  {fig,  12)  was  drawn  largiely  from  I 
hastily  paced  tni verses  and  pi^sents  only  the  general  location  of  the 
mure  important  claims.  Many  other  claims  were  observed,  but  they^j 
have  lieen  deveh>ped  so  slightly  and  relocated  so  frequently  that  it^| 
was  n?>t  possible  in  the  short  time  availal>lc  to  unravel  the  latest  h:>ca'  ^ 
tion  notices  and  to  trace  out  the  latest  lines  in  the  maze  of  inter-^j 
weaving  lines  of  previous  locations.  ^M 

Sealevvl  mine, — The  Sea  level  property  has  l>een  in  litigation  for  ' 
several  years,  and  developments  liave  progressed  very  slowly  in  con- ^^ 
sequence.  Comlitions  have  changed  bnt  slightly  since  the  \dsit  ofi^| 
Alfred  IT.  Brooks  in  11)01,  aiul  his  descriptions  api)ly  ctpially  well  to  ^ 
pn^sinit  conditions.  The  claim  is  situated  near  tlie  niutlieust  head  of^J 
Thorne  Arm  and  has  been  developed  undergiHMind  by  a  ^Vcompart-^^ 
ment  shaft  1"25  feet  dee|)  with  two  drifts  ah>ng  the  ore  body  at  tlie  ^ 
50-  and  125-foot  levels  respectively,  tlte  total  kMigth  of  which  wntli^J 
crosscuts  is  over  1,200  feet.  A  short  tnnnel  with  a  winze  has  recent ljr^| 
been  driven  on  the  vein  at  a  point  1^50  feet  N.  (iO-'  E.  of  the  shaft  ^ 
house.  The  vein  is  exposed  at  several  olher  |>oints  by  open  cuts  and 
appears  to  continne  into  the  adjoining  Sen  Breeze  claim*  Tlie  sur- 
face equipment  is  adequate  and  consists  essentially  of  a  rock  house  at  j 
an  elevation  of  2^*0  feet,  cotniected  by  an  inclined  tram  with  a  30- 
staaqi  mill  at  the  iK^ach.  The  power  is  fnrnished  by  a  pipe  line  fromj 
Gokachin  Falls,  1  mile  distant.  The  stamp  mill  was  in  operation 
from  July,  ll^Ol,  to  July,  1!>02,  and  considerable  gold  was  recovered,^J 
but  since  that  time  it  has  been  practically  idle,  H 

The  (*oimtry  nick  at  this  claim  is  composed  of  various  types  of 
schist,  the  greenstone  and  calc  schists  pi^etlominating  and  striking  in 
general  west  of  north  with  variable  dips  to  the  east.  Folding  is 
not  nnconnnon  and  evidences  of  slipping  are  noticeable  at  many 
|x)ints.  Dikes  of  blue  altered  porphyry  crosscut  the  schists  in  a 
direction  N.  00°  E.  %vith  a  dip  r»5°  SE.,  and  aini*  in  turn  cut  by  the 
mineral-bearing  quartz  veins.  Under  the  microscope  the  dike  rock 
ap[>ears  so  highly  altered  that  its  original  texture  is  obliterated  toi 
a  large  exterU.  Secondary  (juartz,  muscovite,  calcite,  chlorite, 
pyrile  are  present  in  abundance  and  indicate  only  by  their  general 
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grouping  the  outlines  of  the  feldspars  and  colored  silicates  from 
which  they  have  been  derived.  The  original  texture  of  the  rock  was 
porphyritic,  with  phenocrysts  of  quartz,  plagioclase,  and  a  colored 
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nlicate  embedded  in  a  fine  matrix  of  similar  composition.    The  gen- 
eral term  porphyry  applies  to  rocks  of  this  type,  although  this  par- 
ticular rock  is  less  siliceous  than   the  usual   porphyry.     Tiicluded 
40840— BuU.  847-^08 10 
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within  the  quartz  veins  at  the  Sealevel  mine  ii«  large  fragments  of 
this  Fock  which  are  said  to  carry  as  high  valnes  in  precious  metals 
as  the  quartz  veins  carry.  Cubes  of  pyrite  occur  frequently  in  all 
parts  of  the  dike  and  the  schistose  country  rock,  but  the  values  seem 
to  be  confined  to  the  walls  adjacent  to  the  vein.  Two  parallel  veins 
15  feet  apart  have  been  followed  by  the  underground  workings,  an 
easterly  one  5  feet  wide  and  a  westerly  one  1  to  2  feet  wide.  At 
the  time  of  visit  only  the  50-foot  level  was  acoessihie,  the  lower 
workings  being  fiUed  with  water.  The  two  veins  there  exposed  are 
w  ell  defined  and  show  frequent  evidence  of  minor  faulting.  Numer- 
ous offshoots  and  stringers  branch  from  the  main  vein  into  the  dike 
rock  without  change  in  general  aspect.  The  course  of  the  belt  of 
quartz  veins  and  mineralization  crosscuts  the  25-f6ot  porphyry  dike 
and  passes  into  the  adjacent  greenstone  schist.  The  d^^ree  of  min- 
eralization of  the  veins,  however,  appears  much  greats  within  the 
limits  of  the  dike  than  in  the  adjacent  schists.  This  belt  has  been 
traced  by  open  cuts  and  prospect  tunnels  for  about  2,000  feet  and 
preserves  its  general  character  throughout  that  distance. 

The  ore  consists  essentially  of  pyrite,  galena,  and  sphalerite,  with 
occasional  flakes  of  native  gold  and  a  gangue  of  quartz  with  some 
muscovite.  The  larger  percentage  of  the  gold  content  is  said  to  be 
free  milling,  while  the  value  of  the  concentrates  recovered  is  reported 
to  be  moderate.  The  mine  is  favorably  situated  for  the  economical 
treatment  of  the  ore. 

Sea  Breeze  claim. — ^The  Sea  Breeze  claim  adjoins  the  Sealevel  on 
the  northeast  and  is  located  on  the  extension  of  its  mineralized  belt. 
The  developments  consist  chiefly  of  two  short  tunnels  and  numerous 
open  cuts  which  expose  the  vein  for  a  long  distance.  The  veins  occur 
frequently  in  or  near  a  wide  porphyry  dike,  which  invades  the  green- 
stone country  rock  under  conditions  similar  to  those  at  the  Sealevel 
property.  The  quartz  veins  are,  however,  less  regular  and  vary  in 
width  from  1  to  8  feot.  Faulting  and  intense  fracturing  and  rapid 
variation  in  mineralization  are  characteristic  features  of  this  vein. 
The  ore  consists  of  porphyry,  galena,  and  sphalerite,  with  an  occa- 
sional speck  of  native  gold  in  the  gangue  of  white  quartz.  The  values 
in  this  vein  are  reported  to  be  in  general  low  with  much  variation  in 
metal  content  within  the  vein,  the  content  being  apparently  propor- 
tional to  the  amount  of  mineralization. 

Golden  Rod  claim. — Although  the  Golden  Rod  claim  adjoins  the 
preceding  claim  on  the  northeast,  it  is  located  on  a  vein  of  different 
character  outcropping  in  a  different  country  rock.  Several  open 
cuts  along  the  northern  slope  of  a  steep  hill  of  granodiorite  expose 
the  quartz  vein,  which  at  a  point  320  feet  above  sea  level  was  16  feet 
wide,  with  a  strike  N.  50®  E.  and  a  dip  80°  SE.  The  granodiorite 
country  rock  is  aplitic  in  character  and  often  gneissoid  in  structure. 
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MinaraljEatian  is  dight  and  the  viihies  are  said  to  b©  corresjjondingly 
low, 

Googoo  dmm, — The  (toogoo  claim  wfis  located  in  1005  on  ii  %vest6m 
ejrten^'if*^  of  the  Golilen  K<m1  rlaiiiL  At  the  point  of  diseoverr  a 
quarti^  vein  *22  feet  wiile  has  lieen  developed  by  a  shaft  20  feet  deep. 
To  the  northeast,  however*  the  v^ein  is  only  3  feet  wide  and  has  been 
developed  by  a  tunnel  15  feet  long.  Fi^e  gold,  pyrita,  fiphalcrite. 
and  Home  galena  were  noted  in  the  vein  on  this  claim,  and  pockets 
eotitiiining  considerable  free  gold  are  reported  to  have  been  found* 

Majestir  f'lahtK — The  Majestic  claim,  originally  known  an  the 
Mother  Ijode  claim,  adjoins  the  Googoo  claim  on  the  southwest*  On 
thi.s  jjroperty  a  quartz  vein  20  feet  wide  occui"s  incloHftd  in  the  altered 
8c!hists.  The  strike  of  the  vein  b  N.  as^  E.  and  th©  dip  80^  SE.,  and 
it  may  represent  the  rontiniuition  of  the  Googoo  vein.  Pyrite. 
t-phalerite^  and  galena  were  noted  in  the  quartz  gangue.  The  devel- 
opmenti^  consist  of  an  open  pit  10  feet  deep  and  a  tunnel  10  feet  lone: 
naar  the  center  of  the  claim. 

Gohlen  Bminer  daim. — The  Golden  Banner  cJaim^  originally 
located  as  the  Golden  Tree  claim,  is  located  on  Gokachin  River  about 
a  mile  fmm  the  bt>ach.  The  principal  developments  on  this  property 
consist  of  a  tunnel  W  feet  in  length.  The  countrj^  rock  is  composed 
of  several  types  of  schist,  striking  in  general  X,  Ih*"  W,  and  dipping 
85**  SW„  intruded  by  a  porphyry  dike,  wdiich  forms  the  hanging  wall 
of  the  quartz  vein  at  the  shaft,  Tlie  vein  varies  in  width  1  ftx>t  to  6 
feet  and  is  faulted  slightly  at  several  points.  At  the  shaft,  wliich  is 
sittiated  on  the  crest  of  the  ridgr*  north  of  Gnksichin  River,  tlie  vein 
IS  3  feet  wide,  and  it  can  Ix^  traced  over  150  paces  from  the  shaft  in  a 
direction  N.  ti5^  E.  with  a  dip  70''  to  HO''  SE.  The  ore  is  made  up  of 
pyrite,  galena,  and  sphalerite,  with  ocnisionid  particles  of  free  gold, 
in  a  quartz  gangue.  The  values,  which  are  pinbably  irregularly  dis- 
tributed, have  not  been  acUially  determinerh 

Rahy  George  dmrn-, — The  Dnby  George,  which  lias  received  very 
little  development,  is  Incatefl  at  the  mouth  of  Gokachin  Hiven  A 
'^hort  pi*ospect  tunnel  has  been  tlriveii  to  expose  the  quailz  vein,  which 
is  10  fei^t  wide  and  occurs  in  argillites  and  greenstone  stchist. 

Wild  }V€At  r/frrm.— The  Wild  West  claim,  a  I'elocation  of  the  Tide 
Water  claim,  is  situated  on  the  south  baidc  of  Gokaclnn  River  near 
its  mouthp  The  ore  b<xly  consists  of  several  quartz  stringers  about  1 
fi>ot  wide,  striking  X*  W  E*  and  dipping  TO""  SE*.  and  inclosed  in 
l>anded  argillites  and  serieite  schists*  The  developments  are  slight 
and  consist  of  surface  cuts  only. 

ni^k  Horse  ehifm.^-The  High  Hoi-se  claim,  a  relocation  of  the 
ilonster  claim,  lies  east  of  the  Wild  West  and  has  been  develojied  by 
open  cuts  and  a  short  prospect  tnnneL    The  vein  varies  from  <^  inches 
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to  3  feet^in  width,  strikes  N.  65^  E.  and  dips  76*"  8£«,  and  oocnrs  in  a 
complex  of  schists  striking  K  50**  W.  and  dipping  80"*  NE.  The  dn 
c(msists  chiefly  of  pyrite  with  some  sphalerite.  F^rite  cnbes  are  also 
abundant  in  the  adjacent  schists. 

Salve  claim. — ^The  Salve  claim  is  situated  north  of  Sealevel  and 
runs  from  Russel  Point  northerly  parallel  to  the  shore  line,  llie 
vein  is  exposed  by  an  open  cut  and  test  pit  and  is  essentially  a  band  of 
mineralized  sericitic  schist  with  few  small  stringers  of  quarts.  Hie 
schists  in  the  vicinity  strike  in  general  N.  20**  W.,  dip  70*  NE.,  and 
show  folding  and  some  faulting.  Dikes  of  porphyry  cut  the  schists 
in  a  northeasterly  direction  and  at  one  point  are  apparently  later 
than  the  quartz  stringers.    The  ore  is  pyrite  with  low  values  in  gold. 

Queen  and  Baltic  claims. — ^The  Queen  and  Baltic  claims  are  ritn- 
ated  north  of  the  Salve  claim  and  are  both  located  on  a  quartz  vein 
which  has  been  exposed  by  open  cuts,  two  short  prospect  tunnels,  aatid 
an  inclined  shaft  40  feet  deep.  The  vein  trends  in  general  east  and 
west,  with  a  steep  to  vertical  dip,  and  cuts  across  the  cleavage  of  the 
inclosing  schists,  which  strike  N.  20**  W.  and  dip  70*  NE.  The  vein 
varies  in  width  from  1  to  6  feet  and  ccmsists  of  quartz  with  some  piy- 
rite,  sphalerite,  and  low  values  in  gold. 

Baltic  Star  claim. — The  Baltic  Star  lies  north  of  the  preceding 
claims  and  has  been  developed  still  less.  The  quartz  vein  ~is  included 
in  mineralized  schist  and  trends  N.  60**  E.  with  a  dip  76**  8E.  It  is 
IJ  feet  wide  and  has  been  traced  for  300  feet  in  length.  Pjrrite,  sphal- 
erite, and  galena  with  low  free-gold  values  constitute  the  ore,  with 
quartz  as  gangue. 

Tyee  claim . — The  ore  body  of  the  Tyee  claim  near  Granite  Lake  is 
noteworthy  l)ecause  it  occurs  wholly  within  a  wide  granite  mass.  The 
vein  is  4  feet  in  width,  strikes  east-west,  dips  78°  S.,  and  contains 
besides  quartz  small  quantities  of  pyrite,  sphalerite,  and  galena,  with 
low  values  in  gold. 

MaHHach^ii^ottH  claims  Nos,  1  and  2. — The  two  adjoining  Massachu- 
setts claims,  originally  known  as  the  Keystone  claims,  are  situated 
northeast  of  Sealevel.  The  trail  leading  to  the  claims  passes  over  a 
wide  area  of  postglacial  basaltic  lava,  elevated  plateau-like  above  the 
surrounding  country  and  remarkably  level  on  top.  At  the  claims  a 
tunnel  80  feet  in  length  and  500  feet  in  elevation  has  been  driven; 
also  a  shaft  has  been  sunk  30  feet  on  the  vein,  and  a  drift  from  the 
shaft  50  feet  in  length  and  several  open  cuts  have  been  made.  The 
country  rock  consists  largely  of  schists  wnth  some  interbedded  green- 
stones striking  north  and  south  and  dipping  northeast  at  steep 
angles.  On  the  dump  from  the  shaft  were  fragments  of  granite  prob- 
ably derived  from  an  intrusive  dike  exposed  by  the  shaft,  which  at 
the  time  of  visit  was  filled  with  water.    At  the  surface  the  vein  is.  5 
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feet  in  width,  but  in  depth  it  decreases  to  6  inches  and  divides  into 
small  stringer  veins.  The  ore  consists  of  pyrite,  galena,  and  sphaler- 
ite in  a  gangue  of  white  quartz.  The  values  in  gold  are  said  to  be 
favorable  near  the  surface. 

Liike  dmrnn  Noh.  U  2^  and  -L — These  claims  have  recently  been 
located  on  Fish  Creek  near  the  junction  with  Silver  Creek  and  the 
Falls.  They  have  not  yet  been  developed  to  any  extent  and  nothing 
definite  is  known  as  to  their  value.  The  country  rock  consists  of 
micaceous  and  greenstone  schists,  invaded  l)y  a  gi-anite  mass.     The 

included  (juartz  veins 
are  similar  in  charactt^r 
and  contain  i)vrite,  ga- 
lena, and  sphalerite  in 
small  quantities.  One 
(liiartz  vein  on  Lake  No. 
2  and  Lake  No.  3  uieas- 
ures  ()()  feet  in  width  at 
one  iMjiiit  and  runs  N. 
15°  AV..  with  vertical  dip 
across  the  cleavage  of 
the  schists. 

(iK<»K(JE  I>LKT. 

(rciH  I  ill  tlrsiriptioa. — 
(ieorp'  Inlet  is  one  of 
the  deep  emhayments  on 
(he  southwest  sid(»  of 
Revilla<ri^c(lo  I  s  1  a  n  d 
h  a  v  i  n  ^  a  length  of 
nearly  is  miles  and 
varvin<r  from  three- 
fourths  of  a  mile  to  2 
miles  in  width  (see  PI. 
II  and  fi<r.  KM.  Start- 
ing at  its  entrance  and  following  inland,  the  <ri'censt()nes  and  argil- 
laceous slates  are  first  exjKised  for  li  mile^  alon^  the  north  shore:  a 
granite  belt  2^  miles  wide  is  then  crosscut  and  is  followed  by  more 
argillaceous  slates  with  occasional  greenstone  beds.  Toward  the 
head  of  the  inlet  the  crystalline  schists  interstratilied  by  belts  of 
marble  compose  the  shore  exposures.  The  <reneral  strike  varies  from 
X.  10**  to  50°  W.  and  the  dip  usually  steej)  to  the  southwest.  The 
ore  bodies  so  far  discovered  are  all  located  on  the  northwest  shore 
of  the  inlet  from  5  to  10  miles  from  its  entrance.  These  consist  of 
both  large  and  small  vein  deposits  striking  parallel  and  at  angles  to 


['"lo.    13. — Sketch  mnp   Hhowin^   locution   of   prosptM-ts 
adjacent  to  QeorRe  Inlet  nnd  ToiipisH  Narrows. 
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the  bedding  plane  of  the  schists.  The  principal  vmliM  amtained 
are  in  gold,  which  in  some  of  the  deposits  is  associated  with  galma 
sphalerite  and  pyrite  in  considerable  amoonta 

Peterson  group. — ^This  property  of  four  claims  is  situated  does  to 
tide  water  on  the  northwest  shore  of  Qeorge  Inlet  about  S  miks  from 
the  entrance  and  has  been  prospected  by  open  cuts  and  two  duxrt 
tunnels.  The  principal  vein  deposit  occurs  along  cortical  sUpping 
planes  which  parallel  the  rock  structure  in  strikB  but  intersect  the 
beds  in  dip.  The  schist  formation  at  this  point  strikes  K.  80^  W.  and 
dips  50''  SW.  The  vein  varies  greatly  in  jfidth,  averaging  IJL&Qt) 
and  is  reported  to  have  been  traced  for  1,000  feet  along  its  trei^'its 
walls  being  defined  by  gouge  seam&  The  metallic  miiiftrato  con- 
tained  are  pyrite,  galena,  zinc  blende,  pyrrhotite,  in  a  gangoe  of 
quartz,  calcite,  and  graphite.  Well-defined  gouge  planes  limit  the 
deposit  in  many  places.  The  values  reported  include  both  gold  and 
silver.  Other  vein  deposits  have  been  exposed  on  this  property,  but 
still  remain  undeveloped. 

Lon-de-Van  group. — ^This  property  of  eleven  claims,  originally 
called  the  Telegraph  group,  is  located  on  the  north  side  of.Geoop 
Inlet,  5  miles  above  the  Peterson  group.  On  this  property  six  weU* 
defined  and  persistent  veins  have  been  exploited  by  open  cuts  and  tajH" 
nels  at  different  points  along  their  strike.  The  country  rock  oonaiflts 
largely  of  banded  argillites  and  black  slates  with  occasional  addic 
porphyry  intrusives.  Two  sets  of  veins  occur,  an  old  transverse  set 
filling  cross- fracture  cracks  in  the  sedimentary  complex,  and  in  one 
instance  attaining  a  remarkable  thickness;  and  a  second  system  filling 
planes  of  movement  along  the  beds  of  the  formation  and  striking 
usually  X.  10°  AV.  with  variable  dip,  in  general  about  50°  SW.  Six 
veins  of  the  second  type  have  been  discovered,  one  of  which  has  been 
traced  for  several  thousand  ieet  in  length.  The  veins  vary  from  1 
to  4  feet  in  width  and  many  of  them  are  adjacent  to  intrusive  por- 
phyry dikes.  The  metallic  minerals  contained  are  pyrite,  galena, 
and  sphalerite,  in  a  quartz  and  calcite  gangue.  Moderate  values  in 
gold  and  silver,  the  latter  in  some  instances  exceeding  the  gold  con- 
tent, are  reported.  Only  a  small  i)ercentage  of  the  gold  is  free-mill- 
ing, and  it  will  be  necessary  to  concentrate  the  ore  to  recover  its  values. 
The  cross  veins,  one  of  which  has  a  thickness  of  several  hundred 
feet,  carry  lower  values  than  the  strike  veins  and  but  a  small  amount 
of  pyrite,  and  are  therefore  still  undeveloped.  Openings  have  been 
made  on  these  deposits  at  different  points  extending  from  tide  water 
to  a  point  a  mile  from  the  shore,  at  an  elevation  of  1,000  feet. 

Ashe^s  group. — This  group  is  located  about  3  miles  above  the  Lon- 
de-Van  group  near  tide  water  at  a  small  embayment  on  the  north  side 
of  George  Inlet.  The  vein  deposit  at  this  point  follows  a  porphyry 
dike  which  in  turn  is  parallel  to  the  inclosing  slates  and  schists,  and 
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has  been  exploited  by  a  short  tunnel  and  several  open  cuts.  The 
vein  is  about  2  feet  wide,  striking  N.  75°  W.  and  dipping  10°  to 
20®  XE.,  though  both  strike  and  dip  vary  considerably  at  the  different 
exposures.  It  contains  abundant  galena  and  si)halorite  in  a  quartz- 
calcite  gangue  carrying  small  gold  and  silver  values.  The  pc)ri)hyry 
dike  is  also  impi'egnated  to  a  small  extent  with  these  minerals.  The 
developments  on  this  deposit  include  a  3r)-foot  tunnel,  a  short  shaft, 
and  several  open  cuts. 

TONGASS  NARROWS. 

General  deaciHption. — Along  the  shores  of  the  narrow  body  of 
water  called  Tongass  Narrows,  which  separates  Re\'illagigedo  and 
Gravina  islands,  greenstone  schists  and  black  slates  outcrop  and  trend 
in  general  parallel  to  the  shore  line  (see  PI.  II).  On  the  Revil- 
lagigedo  Island  side  of  the  narrows  a  number  of  claims  have  been 
loc*ated,  but  no  oi-e  bodies  of  importance  have  yet  Ijeeu  developed. 
The  oi'e  bodies  include  both  quartz  vein^  and  bedded  dei)osits  and  fre- 
quently occur  near  intrusive  porphyry  and  aplitic  dikes.  The  moun- 
tains east  of  Tongass  Narrows  trend  parallel  to  the  coast  and  range 
fi'om  2,000  to  3,000  feet  in  elevation.  They  are  com])o.se(l  largely  of 
granite,  which  intrudes  the  greenstones  and  slates.  Several  of  the 
quartz  veins  near  the  contact  of  the  intrusive  masses  with  the  sedi- 
mentaries  are  sporadically  very  rich  in  free  gold,  but  the  average*  con- 
tent is  low. 

Hoadley  gi'oup, — ^The  Iloadley  group  includes  five  claims  and  is 
located  about  2  miles  north  of  Ketchikan  and  one-half  mile  from  the 
beach  (fig.  13).  The  developments  consist  chietly  of  open  cuts  and 
short  drift  tunnels,  bi\sides  an  arrastre  in  which  the  free-milling  ore  is 
ireated.  The  country  rock  consists  of  siliceous  and  argillaceous 
schists  striking  nortliAvest  and  intruded  by  larg(»  granitoid  dikes, 
usually  parallel  to  the  formation  and  ranging  in  conii)osition  from 
syenites  to  gabbros.  The  veins  occur  within  these  intrusives.  vary 
from  4  to  24  inches  in  thickness,  and  an*  usually  but  a  few  hundred 
feet  in  length.  There  are  two  sets  of  veins,  an  oMer  set  containing 
chiefly  pyrite  and  j)yrrhotite  and  striking  north  and  south  with  <lip 
45°  W. :  a  second  and  later  set  striking  N.  -JO"  to  *).-»'  \\.  and  dii)])ing 
usually  50°  SW.,  characterized  by  ai"seno[)vrite.  abundant  free  gold, 
and  occasional  particles  of  tetradymite,  which  have  U'cn  incorrectly 
considered  as  teUuride  of  gold  by  the  jn'or-pectors  in  this  region. 
These  veins  are  narrow  and  gold  is  seldom  found  in  ^ulKcient  ([uantity 
to  encourage  extended  mining  op(M*ations. 

Wild  Cat  group, — The  AVild  Cat  claims  are  located  southeast  of 
the  Hoadley  group  and  on  veins  of  similar  character  occurring  in  a 
syenite  intrusive  in  the  schist  formations.  The  schists  strik(»  N.  .50*^ 
W,  and  dip  20°  SW.,  while  the  dike  trends  N.  35^  W.  and  dips  i^O^ 
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SW.  Two  sets  of  yems  occur,  and^  as  at  the  Hoadley  group j  the  pyr- 
rhotite-bearing  veins  are  the  cdder.  Th0  developments  consist  chiefly 
of  open  cuts,  short  tunnels,  and  shafts.  A  sample  test  of  5  tons  of  ore 
from  one  of  these  vems  is  reported  to  have  given  high  vulues. 

Birdseye  claim. — ^The  Birdseye  daim  is  located  on  the  shore  of 
Revillagigedo  Island  4  miles  south  of  Ketchikan.  Although  this 
vein  was  one  of  the  fibrst  to  be  discoiT^ered  in  the  Ketchikan  districts 
little  development  has  been  accomplished.  Surface  stripping  and  a 
shaft  32  feet  deep  constitute  the  entire  improvenients.  The  rein 
which  outcrops  on  the  beach  is  8  to  5  feet  wide  and  oocors  in  a  por* 
phyry  dike  intrusive  along  the  bedding  plaiies  in  tha  nlftte  fljdljwt 
formation,  striking  N.  30''  to  60''  W.  and  dipping  45""  NE.  This  ^ft^ 
which  varies  from  10  to  20  feet  in  width,  includes  many  ingmmts  o% 
black  slate,  and  adjacent  to  the  vein  is  impregnated  with  aolphiilf 
minerals.  The  minerals  contained  in  the  vein  are  pjnrit^  Cikkn% 
zinc  blende,  and  free  gold.  In  the  schist  and  black-slata  oouiltvj 
rock,  quartz  veins  were  also  observed,  though  these  are  older  tbait  tb| 
porphyry  dike  and  do  not  carry  values. 

Laskawonda  group. — ^The  Laskawonda  property  of  three  daima  i» 
located  near  Ketchikan  and  is  reached  by  a  well-conatructed  boud 
walk  which  was  to  have  served  as  a  tramway.  The  developmente  con- 
sist of  a  shaft  located  half  a  mile  from  the  town  at  an  elevatioQ  ^ 
175  feet  and  reported  to  be  85  feet  deep,  a  short  tunnel,  and  snrAuaa- 
strippings.  The  ore  body  is  a  slightly  mineralized  band  of  the  green- 
stone schist  formation,  striking  N.  50**  W.  and  dipping  60**  NE., 
which  is  cut  by  a  few  small  quartz  veinlets.  The  metallic  minerals 
contained  are  pyrite  with  some  chalcopyrite,  occurring  in  the  quarti 
veinlets  and  in  the  greenstone  schist.  For  the  last  few  years  work 
has  been  suspended  on  this  property.  . 

CLEVELAND  PEMTfSULA. 

General  description, — Cleveland  Peninsula  lies  between  Behm 
Canal  and  Ernest  Sound  and  its  elongation  coincides  with  the  gen- 
eral trend  of  its  constituent  mountains.  The  general  geology  is 
comparatively  simple;  the  northeastern  part  of  the  peninsula  con- 
sists of  the  Coast  Range  granite,  which  is  flanked  on  the  southwest 
by  the  schist  belt,  which  in  turn  farther  south  grades  into  the  Uack 
slates  or  argillites.  Near  the  southern  end  of  the  peninsula  wide 
belts  of  greenstone  and  greenstone  schists  and  occasional  limestone 
beds  are  intercalated  in  the  slates  (see  PI.  II). 

Masses  of  intrusive  diorite  occur  within  the  greenstone-argillite 
area,  and  in  at  least  one  place  have  been  found  to  contain  ore-bear- 
ing quartz  veins.  Between  Helm  Bay  and  Vixen  Inlet  is  a  conspicu- 
ous red-brown  mountain  made  up  of  an  immense  intrusive  mass  of 
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peridotite  with  serpentine  and  ferric  oxide  as  weathering  products. 
The  strata  trend  in  general  northwesterly,  with  local  variations  due 
to  folding,  and  dip  northeast  at  different  angles.  Near  the  granite 
contact,  at  Spacious  Bay  and  Vixen  Inlet,  the  beds  are  much  folded 
and  are  in  general  flat  lying,  but  to  the  south  the  strike  becomes 
more  uniform  and  the  dip  steeper  and  in  places  the  dip  is  to  the 
southwest.  Quartz  veins  are  widely  distributed  throughout  the 
entire  formation  and  have  been  i^rospected  at  only  a  few  pointy. 
Prospectors  in  the  region  have  learned  by  experience  that  the  veins 
of  value  are  confined  essentially  to  a  wide  greenstone  schist  belt  over 
1  mile  in  width  and  extending  from  the  west  side  of  Helm  Bay 
across  the  peninsula  to  Union  Bay.  The  values  are  varialde  and, 
although  occasionally  high  for  a  short  distance,  are  low  in  average 
and  must  be  mined  economically  in  order  to  be  profitable. 

Gold  Standard  group. — The  Gold  Standard  group,  belonging  to 
the  Alaska  Gold  Standard  Mining  Company,  embraces  IT  claims 
located  on  the  west  side  of  Helm  Bay  about  '2^  miles  from  the  head  of 
the  bay  and  one-half  mile  from  tide  water  (fig.  14).  Discoveries  at 
this  point  were  first  made  in  1897,  and  in  1898  the  ore  from  a  rich  ore 
shoot  near  the  surface  was  treated  in  an  arrastre  and  reported  to 
have  yielded  about  $20,000  in  value.  In  1899  a  5-stamp  water-power 
mill- was  installed,  several  buildings  erected,  and  a  tramway  built 
from  the  mine  to  the  mill  and  from  the  mill  to  the  beach  one-half 
mile  distant.  During  1900  the  mill  was  operate<l  and  considerable 
mining  developments  accomi)lished.  but  at  the  close  of  the  year  work 
was  suspended.  In  the  following  years  operations  on  a  small  scale 
were  advanced,  but  not  imtil  190(»  did  active  woi-k  begin  again,  when 
a  small  shipment  of  high-grade  ore  is  ro[)oited  to  have  been  made  and 
a  considerable  output  of  bullion  was  made  from  the  stani[)  mill.  The 
mine  is  developed  by  a  shaft  starting  at  a  point  'l*lh  feet  ai)ove  tide 
water  and  150  feet  in  depth  following  the  vein,  and  from  this  two 
drifts  have  been  extended  developing  the  ore  in  depth.  Besides 
these  workings  short  tunnels  and  several  snudl  shafts  have  been 
stalled  at  other  points  on  this  i)roi)erty. 

The  country  rock  at  this  locality  is  greenstone  schist  interstratilied 
by  argillaceous  beds,  the  general  strike  being  X.  ^ly  W.  and  the  dij) 
60°  NE.  Two  sy.stems  of  quartz  veins  occur  in  these  schists,  the  older 
set,  which  are  the  larger  veins,  striking  parallel  with  the  schi.>tosity. 
and  the  second  or  yoimger  system  following  the  general  trend  of  the 
former  but  dipping  60°  to  TO""  SW.  and  intersecting  them  in  depth. 
The  latter  veins  are  small  anil  often  mere  gash  veins  carrving  little 
or  no  value  except  at  those  points  where  they  intersect  the  veins  of 
the  larger  system.  The  principal  vein  dejjosit,  which  is  being  de- 
veloped at  the  shaft,  is  of  the  older  system,  varies  from  <>  inches  to  (> 
feet  in  width  and  is  exposed  for  over  1.000  feet  along  its  strike. 


154      KETCHIKAN   AND   WRANGELL   MINING  DISTRICTS,  ALASKA. 

The  walls  of  the  vein  are  well  defined  by  slickensides  with  gouge  on 
the  foot-wall  side  and  a  seam  filled  with  calcite  carrying  free  gold 
along  the  hanging  wall.  Fault  planes  transverse  to  the  veins  were 
locally  observed  displacing  the  veins  from  1  to  3  feet  in  a  horizontal 


li'..    M.-Skrtch   iiijip  sliowin;:   positions  ul"   prospects  and   mining'   olainis  at    Hj'lru    IJay, 

Cleveland    Peninsula. 

(lireclion.  The  ore  contained  is  essentially  auriferous  quartz  with 
l)yriti'.  and  in  the  t^ash  veins  small  crystals  of  tctradyiuite  were 
noted.  The  largest  j)erceiita<i:e  of  the  "fold  is  free  niillin<r  and  can  be 
extracted  in  the  stamp  mill  by   amalgamation.     The  concentrates, 
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which  aggregate  about  3  per  cent  of  rhe  ove^  are  saved  for  smelter 
sbipment  and  are  reported  to  carry  high  values. 

PuzzUr  vl^im. — The  Puzzler  claim  is  situated  on  the  south  side  of 
a  lake  2  miles  east  of  the  Alasi^ka  Gold  Standard  and  at  an  elevation 
of  400  fi&et  (tig»  14),  A  tunnel  ISO  feet  long  has  been  driven  through 
thi*  gnpeiistone-sdiist  countrv  rock,  and  at  <iO  feet  from  its  entrance 
jfiidercrits  a  Imle  deput^it  inclosed  in  a  graphitic  schist.  Quartz  veins 
*  occur  at  this  place,  but  are  not  so  strougly  develojied.  The  same 
Teput^ir  is  exposed  by  an  open  cut  at  440  feot  elevation,  the  lode  being 
l^arallel  to  the  schistositv  of  the  country  rock  which  strikes  N.  50°  E, 
anil  dips  OO'^  SE.  In  this  deposit  two  systems  of  quarts?  veins  occur, 
which  correspond  in  a  general  way  to  thcise  nt  the  Alaska  Gold  Stand- 
ard depo.sit*  ihongli  ibcy  tire  nut  ^o  strongly  devekv|KHL  and  the  ore 
slioots  are  smaller.  Slipping  planer  and  fault  seams  are  of  common 
occurrence  in  this  vicinity. 

MHifiifj/tt  Stifi  f^^///«.^The  Midnight  Sun  claim  lies  half  a  mile 

pst  of  the  Gold  Standard  mine  at  an  elevation  of  560  feet  (fig,  14). 
Ije  vein  deposit,  which  lui^^  been  expoH^eil  by  a  15*foot  open  cut*  varies 
from  i'y  inches  to  :>  feet  in  width*  sitriking  X*  SO''  W,  with  a  dip  Z0° 
XE.    Slipping  planes  defined  by  slickensides  are  of  common  occur- 

jjce  across  the  vein  and  indicate  considerable  movement  and  dis- 
itacement  of  both  the  inclosing  greenstone-schists  and  the  vein  sub- 
lieqnent  to  its  deposition.  Included  in  the  vein  are  fragments  of  the 
schist,  tlie  n»inerai  content  l>eing  pyrit€»  with  free-gold  particles, 

Al^itmtfkr,  llnffmtm^  an*!  MiitnUe  dahm.—TXw  Alexander,  Hoff- 
man, and  Melville  claims  are  situated  near  the  top  of  the  mountain 
2^  njiles  from  the  head  of  Smngglcrb  Cove  and  lA  niile^^  sonthenst  of 
the  Gobi  Standard  mine  (fig*  14).  The  prosiiects  on  these  pro  pert  ie^s 
wer-^  located  in  lUO^  and  1003.  The  greenstone  and  slate  lieds  on  this 
mountain  are  con^-iderHbly  folded  and  the  direction  of  their  strike  and 
dip  vurie^s  greatly.  Tlic  vein  deposits  follow  slipping  planes  trans- 
verse to  the  schistosity  of  the  country  rock  and  are  parallel  to  it.  On 
Ibe  Alexander  chum  a  tmmcl  45  feet  long  exposes  a  vein  i^  inches  to 
Z  ft*et  in  width  striking  north  and  south  with  dip  46  "^  W.,  the  foot - 
wall  side  being  defined  by  a  gouge  sseam  1  inch  thick.  The  Hotfrnan 
claim  i!icludes  an  irregular  vein  deposit  Averaging  h  feet  in  width, 
-itriktng  X.  Ti  W.  with  a  steep  dip  to  the  southwest.  The  inclosing 
greenstone-scbist  strikes  N,  60^  W.  with  a  dip  70°  NE*>  and  in  it 
lire  nninerous  faults  showing  small  disphi cements.  A  tunnel  21  feet 
long  ha^  U'cn  driven  niong  tlie  vein,  and  pyrite  w-as  observed  in  it, 
l>oth  in  Uie  vein  and  in  the  inclosing  schist.  Fine  gold  is  said  to 
uccur,  tliough  rhe  nveruge  value  of  the  deposit  is  low.  The  vein  de- 
p<3«it  on  the  Mehille  claim  strikes  X.  40  W.,  transverse  to  the  trend 
of  lite  hidtmiiig  slate  and  gi*e<*nstom%  which  nt  this  point  is  X.  15^  E. 
It  U  pectdiar  because  of  tte  occurrence  of  arsenopyrite  both  in  th<? 
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vein  and  in  the  adjacent  slates,  though  where  it  crosscuts  the  green- 
stone this  mineral  is  practically  absent.     The  developments  consist 
of  a  short  tunnel  and  surface  strippings  from  which  a  small  amount ' 
of  ore  was  mined  and  treated  in  an  arrastre  on  the  property. 

Gold  Mountain  gvowp. — From  Smugglers  Cove  the  greenstone- 
schist  belt  can  be  traced  along  the  mountain  ridge  parallel  with  the 
east  shore  of  Helm  Bay  over  Gold  Mountain.  To  the  east  and  w^est  of 
it  black  slates  predominate.  Gold  Mountain  has  a  maximum  elevation 
of  2,120  feet,  and  on  it  a  number  of  prospects  have  been  located,  the 
principal  ones  being  the  Annie,  Mountain  Top,  and  Starry  Banner. 
On  the  Annie  claim  a  20-foot  shaft  was  sunk  in  1900  on  a  quartz  ore 
pocket  at  a  point  1,025  feet  from  tide  water,  and  from  this  about  $5,000 
is  n'lxu-led  to  have  been  derived.  At  another  point  a  tunnel  450  feet 
in  length  has  been  driven  on  a  lode  deposit  striking  N.  30°  E.  paral- 
lel willi  rock  structure  and  from  lOi  to  20  feet  wide,  in  which  vein- 
lets  from  a  few  inches  to  a  foot  in  width  occur.  From  the  tunnel  a 
shaft  50  feel  deep  has  been  sunk  and  the  deposit  explored  by  a  drift 
at  this  level.  Pyrite  and  chalcopyrite  were  both  observed,  but  as  a 
whole  the  lode  will  average  low  in  values. 

On  the  Mountain  Top  claim  an  8-inch  vein  striking  N.  55®  W.  with 
a  (li[)  2.")^  XE.  crosscuts  the  greenstone  schist  formation,  which  has  a 
northeast  trend  and  a  vertical  dip.  The  vein  has  been  exposed  by 
shallow  shafts  and  open  cuts,  but  is  too  small  to  be  of  great  value. 

On  the  Starry  Banner  claim  a  tunnel  225  feet  long  at  an  elevation 
of  1,950  feet  has  been  driven  in  a  N.  30°  E.  direction  along  an  8-inch 
(]uartz  vein,  which  is  j)arallel  to  the  schistosity  of  the  greenstone  in 
trend  \)\\\  intersects  it  in  dip.  Along  the  sides  of  this  vein  calcite  and 
cpidote  vi'iiilcts  were  observed  in  the  country  rock  and  in  the  vein  near 
the  surface  the  snl[)hi(le  minerals  wei'e  ccmsiderably  oxidized. 

luinnj  J  hi  II  ({(('nil, — The  Kainv  Day  j)r()spect  is  located  less  than 
half  a  iiiih'  from  tide  water  opposite  a  small  island  on  the  west  side 
of  Ih'lni  liay  iicai"  its  entrance.  The  mineral  deposit  at  this  locality 
i-  of  inlei('>t  hecausc  it  occurs  in  a  n'ranite-porphyry  dike  which  is 
from  (',()()  i(,  J. ()()()  feet  wide  and  strikes  X.  M)  \\ .  The  vein  de- 
])o>it.  which  is  .'U  feet  wide,  strikes  northeast  and  has  been  exposed 
in  a  105- fool  tunnel  at  an  elevation  of  200  feet  from  tide  water. 
Al)o^"e  the  tuiniel  at  2^0  fet^t  elevation  is  an  o[)en  cut  in  which  the 
vein  is  exposed,  and  at  this  point  are  prominent  slippin<i:  planes  strik- 
ing- tran<\<'r-e  to  the  vein.  The  ore  minerals  are  sphalerite,  pyrite, 
and  aalena  in  small  amounts,  the  princi[)al  values  heinir  in  gold,  which 
occurs  native  in  tine  particles. 

Bliit  Biichtf  (hi'im. — The  Blue  Bucket  claim  is  situated  near  the 
northeast  head  of  Snm<rg:lers  Cove  near  the  beach  and  has  been  de- 
Ncloped  by  a  -hort  ])rospecting  tiuinel.  The  quartz  vein  runs  irregu- 
larly llu'uugli  banded  chloritic  and  sericite  schists  which  ^^trike  JS.  38*^ 
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W,  and  dip  65°  NE.  Pyrite  cubes  only  were  observed  in  the  quartz. 
The  values  appeared  to  be  Ioav. 

Keystone  cimm.— The  Keystone  claim  is  reached  l)y  a  trail  2  miles 
in  length  which  begins  near  the  falls  at  the  head  of  Smugglers  Cove 
and  follows  in  a  northeasterly  dii'ection  along  the  (nistern  valley  sloj^es 
of  Falls  Creek.  The  mine  Avorkings  are  situated  at  an  elevation  of 
about  675  feet  and  consist  of  a  long  crosscut  tunnel  with  drifts,  the 
total  length  of  which  is  nearly  700  feet.  A  shaft  ();")  feet  deep  has  been 
sunk  on  the  vein.  The  property  has  l)een  idle  during  the  last  few 
years  and  was  recently  relocated  under  a  new  name.  The  country 
rock  is  a  green,  folded,  faulted,  chloritic  schist  striking  in  a  general 
northwesterly  direction  with  steep  vertical  dii)s.  The  ore  body  con- 
sists of  a  stockwork  of  stringer  veins  occurring  in  a  mineralized  belt 
of  schist  many  feet  in  width,  intensely  sheared,  and  filled  with  slip- 
ping planes.  The  entire  belt  is  heavily  mineralized  with  pyrite  and 
carries  low  values  in  gold  and  silver.  The  ([uartz  veins  vary  in  width 
and  usually  have  free  walls  often  with  a  coating  of  mineralized  gouge. 
Calcite  frequently  accompanies  the  quartz  gangue. 

Maty  T.  and  United  States  r/ohns, — The  Mary  T.  claim  anrl  the  ad- 
joining United  States  claim  are  located  near  the  head  of  Smugglers 
Cove  and  both  ai'e  practically  in  an  undeveloped  state.  On  the  Mary 
T.  claim  an  open  pit  exposes  the  ore  Ixxly,  which  is  essentially  a  b<»lt 
of  mineralized  and  indurated  sericite  schist.  The  ore  consists  of  j)yr- 
ite  in  well-formed  cubes  with  some  chalcopyritc*  and  its  weathering 
products,  malachite  and  azurite.  The  values  are  report(Ml  (o  l)(»  low. 
On  the  United  States  claim  a  quartz  vein  occurs  in  chlorite*  schist  in 
irregular  lenses  often  parallel  to  the  cleavage  and  contains  occasional 
cubes  of  pyrite.  It  has  been  exposed  c^hiefly  by  surface  cuts  and  short 
prospect  tunnels.     The  values  reported  are  likewise  low. 

Last  Chanre  el/rhn. — Tlu*  Last  Chance  claim,  which  has  recently 
been  relocated,  is  situated  about  1  mile  from  Snniggiei-s  Cove,  and 
like  the  preceding  claims  has  not  been  devcloptMl  to  any  extent.  The 
country  rock  is  chloritic  schist  striking  al>ont  noi-tli  and  south :  the  ore 
body,  a  quartz  vein  of  irregular  width.  i>  containcMJ  in  a  belt  of 
mineralized  schist,  along  which  intense  mov<*ment  and  shearing  ha?? 
taken  place.  In  the  short  drift  the  values  in  gold  are  reported  to  vary 
and  to  give  a  low  general  aveiage. 

Old  Glory  gt^oup. — The  Old  (ilory  gi-ouj)  of  two  claims  including 
the  Old  Glory  and  American  Eagle  is  situated  on  the  west  side  of 
Grold  Mountain  at  an  elevation  of  about  1K)()  ftM^t  and  \\  miles  from 
Smugglers  Cove.  On  the  jn'oi^erty  the  ore  ImmIv  has  been  traced  by 
numerous  open  cuts  and  three  short  tunnels.  Tin*  oi-e  is  treated  in 
a  2-stamp  mill,  operated  by  a  Pelton  whec^l.  Only  the  gold  which  is 
retained  by  amalgamation  is  recovei-t'd.  th<*  auriferous  concentrates 
being  wasted  because  of  lack  of  proper  facilities.    'VW.  \iedi  -toOs.  v^cstv- 
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sists  largely  of  folded  greenstone  schists  and  argillites  striking  N. 
10°  to  80°  ^y.  The  veins  are  in  general  parallel  to  the  rock  struc- 
ture, varying  from  a  few  inches  to  a  foot  in  width,  and  in  places  the 
country  rock  is  also  impregnated  with  sulphide  minerals,  thus  form- 
ing a  lode  deposit.  Practically  no  work  has  been  done  on  these  claims 
during  the  last  few  years. 

TWELVEMTLE    ARM. 

GENERAL    DESCRIPTION. 

The  narrow  body  of  water  called  Twelvemile  Arm  extends  south- 
westerly from  the  head  of  Kasaan  Bay  and  terminates  in  a  low-lying 
river  valley,  over  which  a  long  portage  is  reported  to  lead  to  Big 
Harbor  on  the  west  side  of  Prince  of  AVales  Island.  The  mineral 
deposits  discovered  in  this  area  have  been  chiefly  gold-bearing  veins, 
copper  being  of  only  subordinate  interest.  The  most  important  mines 
are  the  Crarkerjack  and  the  Puyallup,  situated  a  short  distance  from 
Hollis  (fig.  15).  In  general,  mining  activity  in  recent  years  has 
been  slight  and  little  more  than  annual  assessment  work  has  been 
accomplished  on  most  of  the  prospects  since  the  visit  of  Mr.  Brooks 
in  1901.  In  the  immediate  vicinity  of  Twelvemile  Arm  and  along 
its  shores  the  country  rock  consists  chiefly  of  altered  argillaceous 
sedimentary  rocks,  often  schistose,  and  intruded  by  extensive  granite 
masses  and  later  porphyry  dikes.  Belts  of  greenstone,  both  massive 
and  schistose,  are  frequently  interstratified  with  the  slates  and  lime- 
stones, but  have  not  yet  been  found  to  be  mineralized  to  any  extent 
in  tliis  particular  area.  Directly  west  of  Hollis  is  a  belt  of  black 
^nphito  slates  trending  about  N.  80°  W.,  which  contains  the  princi- 
pal vein  deposits  and  which  has  been  traced  noilhwest  beyond  the 
Cracker  jack  mine  for  several  miles  to  where  it  is  cut  ofl'  by  the  granite 
massif  of  (Jrauite  Mountain.  Along  this  contact,  which  is  well  ex- 
posed, about  1  luile  south  of  the  Granite  Mountain  claims,  evidence  of 
a  fault  of  ('ousideral)lo  ma<2:nitude  can  be  seen.  The  granite  at  the 
contact  scuds  no  apophyses  into  the  invaded  slates,  indications  of  con- 
tact mctamorpliism  are  wanting,  and  the  slate  belt  near  the  contact  is 
intensely  sliattered  and  bears  all  signs  of  extended  movement.  The 
slate  belt  near  the  Crackerjack  mine  has  been  folded  into  a  large  anti- 
cline, on  the  southwest  flank  of  which  the  Crackerjack  veins  are  lo- 
cated, while  at  the  Puyalluj)  mine  the  beds  dip  8:)°  to  4.")°  XE.  These 
slates  gi-^ade  to  the  east  into  coarser  graywackes  and  altered  con- 
glomerates. Farther  south  on  Twelvemile  Arm  limestones  and  cal- 
careous schists  are  more  abundant  and  trend  approximately  parallel 
to  the  shore  with  an  easterly  dip. 

The  ore  deposits  in  this  area  are  confined  chiefly  to  the  black  slates 
seen  at  the  Crackerjack  claims  and  to  the  Granite  Mountain  ma^if. 
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The  veins  are  well  defined  and  persistent,  usually  following  intrusive 
dikes  or  fracture  planes  and  jointing  planes  in  the  country  rock. 
The  values  are  chiefly  in  gold,  with  some  lead  and  silver  and  a  little 
copper.  Some  of  the  veins  carry  locally  free  gold,  but  as  a  general 
rule  the  average  content  is  not  high. 
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PROSPECTS   IN   THE  VK^IMTY   OF    HOLLTS. 


mine. — The  Puyallup  mine  is  situated  about  \\  miles 
from  tide  water  and  is  connected  with  Ilollis  by  n  tramway,  at  the 
end  of  which  is  a  5-stamp  mill.  The  gi-oup  embraces  three  claims, 
on  which  the  veins  have  been  traced  and  developed  by  several  tunnels 
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and  shafts.    The  countiy  rot^k  is  slate  ivith  altei'ed  porphyries  iin^ 

elastic  breccias,  the  general  trend  being  X.  25*^  W.  and  the  dip  50°  to" 
60^  NE.    The  quartz  veins  follow  planes  of  weaknei^s  and  movemen^^ 
along  the  strike  and  have  been  exploited  by  several  tunnels,  the  long^| 
est  measuring  1,135  feet.     In  tlie  Inn^  tunnel  two  veins  ai^  exposed, 
following  the  walls  of  a  porphyry  dike  in  the  altered  slate,  the  veii^^ 
along  the  hanging  wall  of  the  dike  l>eing  richer  than  the  foot-wa]^| 
vein.     Near  the  fare  of  this  tunnel  faulting  has  disturbed  the  even 
Ireml  of  the  vein  and  added  considerably  to  the  ditKculties  of  mining. 
This  pay  vein,  which  averages  about  6  inches  in  width j  is  exposed  in 
a  lower  1,200- foot  tunnel  for  a  length  of  220  feet  and  has  been  traced 
hy  outcrops  on  the  surface  for  about  one- fourth  of  a  mile.     An  uppt^r 
tunnel,  150  feet  abore  and  900  feet  southwest  of  the  main  tunnel,  has 
been  driven  90  feet  on  another  vein.     In  this  tunnel  the  vein  is  coi 
sidered  identical  with  the  pay  vein  of  the  long  tunneb    The  ore  ta 
free-milling,  85  per  cent  of  the  tot^l  value  l>eing  free  gokh    The  mine 
has  been  worked  in  only  a  desultory  way  in  recent  yearsj  and  the  prq 
duct  ion  has  been  smalb 

Cracker  jack  mine. — The  Cracker]  ack  group  of  claims  is  locate 
scuilh  and  southwest  of  the  Puyalhip,  with  which  it  is  connected  bjT 
an  excellent  trail  (st^e  PL  I  and  tig,  15),     Surface  improvements  con- 
sist chiefly  of  quarters  for  miners  and  an  ore  chute  for  transj>ortin^ 
ore  to  the  Puyallup  stamp  milL    The  Crackerjack  vein  is  an  tmusu-~ 
ally  j>ersistent  vein  and  has  been  followed  by  surface  croppings  anc^- 
test  pits  along  a  number  of  claims.     On  the  Crackerjack  claini|^| 
proper  it  occurs  along  the  hanging  and  foot  walls  of  a  16-foot  por-     ' 
phyry  dike  intrusive  along  the  bedding  planes  of  black  shite,  striking 
in  general  X,  25"^  W.  and  dipping  35°  SW.    The  slate  is  finely  lami 
nated  and  more  or  less  graphitic.    The  vein  varies  in  width  from 
mere  seam  to  5  feet.     Its  metallic  nnnerals  are  pyrite,  galena,  zini 
blende,  and  a  black,  soft  sulphantimony  or  bismuth  mineral,  the  e: 
act  tuitnre  of  which  was  not  determined;  the  gangue  is  essentially 
quartz  with  mm^  calcite*     The  dike  itself  is  diararterixed  chietly  by 
widespread  epidotization  and  pyrite  impregnation*     The  No.  1  tun- 
nel at  800  feet  elevation  crosscuts  the  formation  for  about  215  feet, 
at  which  point  the  vein  is  encountered  and  followed  in  a  soutlierl 
direction  for  about  675  feet*     In  the  crosscut  se%  eral  minor  veins  wei 
encountered,  but  were  not  followed.     The  gold  values  in  these  vein" 
occur  in  shoots,  two  of  which  have  l)een  stoped  out  for  35  and  40  feet 
above  the  tnimel  level    Occasionally  streaks  are  encountered  which 
gi%e  high  assay  values  in  silver.    The  araotmt  of  gouge  on  both  sides 
of  the  dike  is  indicative  of  considerable  movement  along  the  fissure 
planes,     Mijior  transverse  slipping  planes  were  also  noted,  but  appar- 
ently do  not  affect  tli©  veins  materially.    In  Tunnel  No,  2,  which 
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400  feet  in  length,  at  1,050  feet  elevation,  both  the  dike  and  the  rem 
were  observed  to  crosscut  the  formation  at  one  point  for  atjout  80 
feet  and  then  to  resume  their  nonnQl  parallel  trend. 

HoUh  ifvaitih-—^i\\\  farther  up  the  mountain  at  X,500  feet  eleva- 
lion  a  vein  simihir  to  the  Crackerjack  vein  has  been  discovered  and 
explored  hv  a  tunnel  400  feet  long.  The  conditioDi^  here  are  anah> 
gous  to  those  in  the  Crackerjack  tiinoels,  inchiding  the  slate  belt, 
trending  and  dipping  in  the  same  general  directions,  bnt  the  por- 
phyry dike  is  somewhat  wider.  The  quartz  vein  was  observed  to 
branch  out  into  the  pfjrphyry  so  that  for  some  distance  tvro  parallel 
viHns  have  t)eon  followed  by  the  drifts*  The  wails  are  well  defined 
and  the  ore  shoots  w^ell  marked.  The  black  slate  l)eh  has  l^een  traced 
still  farther  south  and  west  over  the  summit  of  Hollis  Mountain  ami 
down  into  the  Harris  River  \alley,  w^here  claims  have  l>een  located  on 
mineralized  veins  similar  in  character  to  the  Crackerjack  vein.  The 
persiiHtence  of  these  \t*ins  is  a  strong  argument  for  their  continuation 
in  depth.  The  ore  production  from  the  entire  system  of  veins  has 
been  slight*  the  work  having  been  devoted  chiefly  to  developing  and 

ting  the  ore  bodies* 
^ffarris  River  rJahfis. — As  stated  in  the  preceding  paragraph,  the 
mineral  l>elt  on  w^bich  the  claims  on  the  mountain  slope  north  of 
Harris  River  are  situated  is  the  continuation  of  the  Crackerjack 
blm^k  slate  formation,  A  number  of  chiims,  including  the  JuJia,  the 
Humboldt,  the  George  Nos,  1  and  2,  and  the  Keokuk  Nos,  1  and  2j 
have  lieen  located  in  this  area  and  developed  to  some  extent.  The 
general  aspect  of  the  mineral  deposit  on  tlie.se  claims  is  similar  to  the 
Crackerjack  deposit.  On  each  claim  the  developments  consist  of 
mirface  stripping^,  test  pits.  Rud  short  tunnels*  PjTite,  galena,  and 
zinc  blende,  w^ith  occasional  free-gold  particles,  constitute  the  metallic 
minerals  and  quartz  and  calcite  the  gangue  minerals.  Porphyry 
dikes  occur  with  many  of  the  veins* 

Recently  considerable  work  has  been  done  on  the  Julia  claim,  the 
ore  shoot  of  wdiich  outcroj^s  in  the  bed  of  Harris  River.  An  inclined 
shaft  200  feet  deep  has  been  sunk  to  undercut  this  ore  shoot,  and  at 
the  50',  1 00-.  and  150- foot  levels,  drifts  Viave  been  extended,  35  feet 
long  on  the  50-foot  level  and  80  feet  long  on  the  100-foot  level  The 
ore  shoot  is  reported  to  b*5  about  60  feet  long  and  from  2  to  5  feet 
wide  and  to  c^rry  high  values  in  goldj  50  per  cent  of  which  is  free 
milling. 

Cascade  f^fvoiip.—The  Cascade  group  is  located  about  2  miles  south 
of  the  Puyallup  mine  and  at  an  elevation  of  1,300  feet.  The  develop- 
ments consist  chiefly  of  two  drift  tunnels,  and  in  the  upper  one  a 
quartz  vein  is  well  exposed.  The  vein  averages  2  feet  in  width  and 
fills  an  old  fracture  crack  in  an  altered  basic  intrusive.    The  lower 
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tuiuiel,  which  was  driven  lo  luiderciit  the  vein,  is  300  feet  in  length 
and  crosscuts  intrusive  rocks  and  dikes  of  several  different  types,  but 
does  not  expost^  the  vein.  The  original  ^ediineiitary  rocks  in  tWx^ 
urea  have  been  profoiindly  altered  hy  tlic  hitt^irhives^  and  epidotizHtion 
is  wideypreiid.  The  vein  strikes  N  53 "^  W.,  dips  70°  8W,,  and  has 
been  followed  for  about  ITi")  feet  in  tlie  upper  liinneL  Its  metallic 
minerals  are  pyrite,  zinc  blende,  galena,  and  gold,  with  quartz  and 
calcite  gangiie.  The  values  in  this  vein  are  very  unevenly  distributed 
and  the  uverugc  content  is  probably  not  high,  although  fragments 
of  exceedingly  rich  ore  have  Ijeen  found.  Above  the  Cascade  group  ^ 
Ibe  Mountain  Bell  group  of  three  claims  has  been  located  on  a  narrow^^^ 
quartz  vein  rej>orted  to  carry  gtmd  vuhies  in  free  gold.  ^1 

Dollt/  Vt{rJt'n  flahtis. — The  Dolly  Varih*u  group  of  claims  is  lo- 
cated in  the  limestone  formation  alxuit  lA  miles  southeast  uf  the  head 
of  Twelveinile  Arm*  and  at  an  elevation  of  LlOO  feci.    The  marble 


occurs  as  a  mend>cr  of  (be  greenstone  slate  formation  ex|>ijst*d  ahju^^ 
the  shores  of  Twelveinile  Aruu    The  veins  are  esHentially  later  iin-j 


m 

pregnations  along  the  bedding  td"  tlje  marble  strata  and  strike  X*  15°'^ 
E,  witli  steep  to  vertical  southeast  dip.    (iray  copper  is  the  essential 
metallic  mineral,  and  is  in  many  places  altered  to  azurite  and  niala- 
ehite*     Very  little  devt^lopnieiit  work  luis  been  accomplished  on  this 
group.    Several  other  rlaiins  on  similar  veins  and  country  rock  bave^ 
been  located  in  this  area,  but  were  not  visited  Uy  the  writers.  ^M 

Siella  didm, — Tlie  Stella  claim  is  sittuitcd  al>out  oucdialf  nule  north^i 
of  Clark  Bay,  a  small  indentation  2h  miles  northeast  of  Hullis,  The  i 
quartz  vein  occurs  along  tlie  contact  of  a  diorite-porphyrite  dike  iii^| 
black  slate  and  luis  Ix'cn  explored  by  a  tunnel  5-10  feet  in  elevation  " 
and  130  fei't  long.  It  averages  3  feet  \\\  width%  strikes  N.  4t)^'  W,  i 
and  dips  HO"'  NE,,  and  is  separated  from  the  Idaek  slate  foot  wall  by^| 
a  band  of  gouge  1  inch  thick.  The  iru'talbt-  minerals  are  pyrite,  ga- " 
lena,  and  zinc  l)lende,  with  (luartz  and  calcite  gangue,  and  occasional 
included  fragments  of  black  shite.  The  values  in  precious  metals 
are  low. 

pli^ra  find  Nellie  duhm. — The  1^'Iora  and  Nelbe  claims  are  situated 
about  8i  miles  by  trail  northwest  of  HoUis,  The  fnv  bcaly  wdiich  i^ 
lieing  exploited  at  this  point  is  a  quartz  vein,  averaging  Avith  g^>uge* 
about  4  ft*i  ill  width  and  tilling  an  old  shearing  plane  in  diorite-^J 
porphyrite.  Two  tunnels  have  lieen  driven  on  the  vein,  a  lower  ond^f 
at  l,4ti0  feet  elevation  ancl  '^00  feet  in  length*  and  an  upper  tunne!  tlO^ 
feet  in  length;  a  shaft  and  winze  have  also  been  sunk  on  the  vein.^J 
The  quartz  vein  strikes  N*  T0°  E..  dips  60^  KE.,  and  is  heavily  min-fl 
eralizcd  with  pyrite.  chalc<ipyrilc.  galena,  aufl  zinc  blende.  The 
lines  of  movement  in  the  diorite'i>orphyrltc  pitch  at  very  low  angles, 
indicating  nearly  horizontal  fault  movements.  The  values  from  this 
vein  are  reported  high  in  gold  and  silver  with  some  lead  and  eopperj 
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At  |iiT?ent  rninspcvriaticni  facHitii^s  an*  r  sL^riou^i  problem  in  the  sy^- 
tenmtic  developmetit  of  the  claims  in  this  area. 

Tlie  soiitliorii  extension  of  this  ^ronp  m  caHutl  the  Red  Jacket  claim, 

lid  on  it.s  ^lirface  iatripping  only  has  been  done,  iind  that  chteflv  in 
glacial  drift  covering  the  bed  rock.  To  the  northeast  the  Ctnnmaoder 
group  of  two  rluinis  has  l>een  h^rated  on  tlie  contjnnation  of  the 
Flora  and  Xellie  vein  nnd  outcrops  along  a  steep  gnlch  up  the  moun- 
tain side*  On  this  group  two  drift  tunnels  have  been  driven,  the 
lower  one  at  1.080  feet  elevation  and  the  upper  one  at  L825  feet  ele- 
vation. In  these  the  vein  averages  about  IH  inches  in  wiilth,  with  a 
wide  band  of  soft  gouge  on  the  hanging-wiUl  side,  and  strikes  N,  75*^ 
E,j  willi  dip  G5'''  SE,  Near  the  vein  the  jjorpliyry  is  altereil  consider- 
ably and  often  heavily  charged  with  [>yrite.  Tlie  as^ay  returns  indi- 
i!iite  high  gold  content  with  some  i^itver.  The  metallic  minerals  are 
pyritis  cludropyrile,  galena,  and  zinc  blende  in  (|tnirtz  gangue, 

I^f*.He  attfl  Ih'W  Ih'op  rhiim^^. — The  lvi>se  atid  Dew  Drop  {*laims  are 
liK^ated  above  the  Commander  group  and  extend  over  the  ridge  for 
S4>me  distance  tlown  its  north  slope.  Tlies**  claims  are  2^300  feet  alvove 
sea  level  and  are  Itjcated  on  a  vein  deposit  along  a  slipping  plane  in  a 
basic  intinisive  roc*k.  The  vein  varie!^  in  width  from  0  to  14  inches, 
strikes  N,  GO*  W.,  dips  S5*'  ^V{,^  and  has  been  developed  by  two  short 
drifti5*    The  values  are  re[>orted  to  average  well  in  gold  and  silver. 

Coftstifution  grofi'p.— On  the  opjiosite  side  of  Salmon  Lake  valley 
Mid  about  3  to  4  miles  north  of  the  Dew  Drop  claim  is  located  the 

>jnstitTition  gronp,  which  is  reached  nn>st  readily  by  trail  fi^orn 
Karta  Bay^  via  Karta  and  Sahnun  lakes  and  up  tlie  Salmon  Lake 
valhn\  a  dislauce  of  U  (o  \tl  miles,  llrre  are  two  tunnels,  the  lower 
U*iiig  at  ii.000  tVet  elevation  and  1^30  feet  in  kuigth.  In  this  the  qiualz 
vein  varies  from  ti  inches  to  4  feet  in  width  and  trends  N*  65°  W.  to 
N.  4"i"  \X.  with  a  vertical  to  t>0''  SAV.  dl]).  It  iM:curs  filling  a  shearing 
plant*  in  gahbro  and  aiuphilMdite  and  is  lined  frequently  on  botli 
Miien  with  hoft  gouge.    Vein  nuneials  are  pyrite*  chaleopyrite,  galena^ 

lid  zinc  blende,  the  surface  oxidation  of  the  sulpliides  being  unusu- 

lly  pi*on*amceiL  In  the  face  at  ttie  ttnuiel  a  transverse  slipping 
plane  appear>i  to  have  cut  off  (he  vein.  With  present  conditions  of 
t  itation    further  development  uf  thib  group  does  not  seem 

ludtpt  ndi  ht  fjroup* — The  Independent  gi*oup  of  two  claims  is 
located  several  miles  west  of  the  I'onstitutinn  group  and  at  the  head 
uf  the  glacial  valley  of  Salmon  Lake,  Tlie  developments  are  cfm- 
fined  to  short  tunnels  and  snrfat*e  strippings.  On  the  lower  claim 
at  IJW)  feet  elevation  the  vein  is  1  fcH>t  wide,  strikes  N,  7o°  Wm  dips 
75"  SW.,  has  free  walls  mu\  occurs  along  a  sliearing  plane  in  altered 
f)orphyT3"  (anda^ite)*  which  is  included  in  a  generally  much-altered 
aodimmiiMry  complex.    The  metallic  minerals  are  gakua^  \v^i£\\^.  wiA<^ 
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zinc  blende  in  a  quartz  and  calcite  ganguo.  The  vein  is  reported 
to  giVL*  very  higli  assay  vnlues  in  free  gold.  At  the  tunnel  on  the 
upper  divini,  at  2,100  feet  elevation,  tlie  vein  is  1  to  2  feet  wide,  in- 
cluding gouge,  and  strikes  X.  78^  W*,  dips  75°  SW.,  and  is  exposed 
chiefly  along  a  steep  giikh  leading  down  the  precipitous  uiountaia 
^lopa  The  country  rock  consists  of  nlteretl  slate  and  graywacke, 
crosscut  by  dikes  of  porphyry.  At  ])resent  these  claims  are  too 
inaccessible  to  be  of  great  value. 


frenp.ral  demription. — The  claims  on  (iranite  Mountain  can  be 
reached  most  easily  by  trail  from  Karta  Bay  via  KartaLake:  a  longer 
and  less  sat i:> factory  trail  leads  in  a  northerly  direction  from  Hollis 
(fig,  15).  Granite  Mountain  is  made  up  almost  entirely  of  massiTe 
grnnite  which  is  remarkably  honiogeneons  and  free  from  dikes,  par- 
ticularly of  the  siliceous  a  pi  i  tic  varieties.  The  %'eins  are  without 
exception  quartz  veins  filling  welt-marked  fi'actnre  planes  in  the 
gi'anitc;  those  planes  are  shar]ily  marked  nnd  remarkably  uniform  in 
direction  and  tliickness.  Tlie  veins  ai'e  likewise  strikingly  similar 
in  appearance  and  mineral  content,  the  quartz  being  usually  stained 
to  a  brown-riul  color.  They  are  characterized  by  free  walls  and  un 
donbtedly  persist  in  depth.  Frequently  the  fissures  or  jointing  planes 
in  the  granite  are  filled  with  diabase  dikes  which  have  sul)sequently 
been  fracttircfh  and  in  tliese  spaces  the  mineral-bearing  solutions 
have  deposited  auriferous  veins. 

Tr€€tsure  group, — The  Treasure  group  of  twelve  or  more  claims 
is  located  on  the  cast  side  of  Granite  Mountain  about  1^  miles  fmm 
Karta  Lake.  The  developments  consist  of  two  tunnels,  the  upper, 
at  1^80  feet  elevation*  following  the  vein  for  450  feet.  The  vein 
varies  from  I  to  2  feet  in  width  and  follows  the  hanging  wall  of  an 
altered  diabase  dike  rock  in  the  granite.  Its  general  strike  is  X,  55*^ 
W.  and  its  dip  from  U\'^  to  80*  XE.  This  vein  has  been  traced  tip  the 
mountain  slope  along  a  steep  gulch  and  over  the  sunnnit  for  a  mile, 
five  claims  being  located  on  this  vein  alone.  At  the  upper  tunnel  con- 
siderable ore  has  been  extracted  and  placed  ready  for  transportation. 
The  metallic  minerals  are  fi-ee  gfdd.  i>yrite*  gjilena.  and  chalcopyrite. 
The  p\Tite  crystals  are  frequently  coated  with  a  deep-brown  lustrous 
oxidation  cnist  and  the  chaicopyrite  occasionally  shows  green  stain* 
ing.  Movement  along  the  vein  is  indif^ated  Ijy  the  soft  minenilized 
gouge*  which  is  frequenily  ff>und  along  the  vein  walls.  The  country 
rock,  for  which  the  general  term  '*  granite"  is  used,  is  a  granitoid 
rock  varying  in  composition  from  diorite  to  gabbro  and  is  often 
strongly  epidotized. 

The  second  set  of  five  cJaims  is  located  on  a  deposit  in  a  fracture 
plAue^  striking  X.  20  E.  and  dipping  20''  XW*    This  vein  croeaee 
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the  first  vein  about  500  feet  above  the  upper  tunnel  and  likewise 
is  contained  in  the  granite  country  rock.  The  width  varies  from  1  to 
3  feet  and  the  values  are  lower  than  those  contained  in  the  northwest 
striking  veins. 

Clipper  and  Cutter  groupa. — The  Cutler  ^roup  of  two  chiiiiis  and 
the  Clipper  group  of  three  chiiins  are  located  ou  the  east  siele  of 
Granite  Mountain,  south  of  and  above  tlie  Treasure  «rroiip.  The 
improvements  on  these  claims  consist  cliieily  of  surface  strippings 
and  short  test  tunnels.  The  veins  are  similar  in  appearance  to  the 
Treasure  veins  and  strike  in  general  X.  7)7>''  W.,  with  a  dip  of  (50° 
NE.  They  occur  in  granite  or  within  diabase  dikes  which  intrude 
the  granite.  At  2,900  feet  elevation  the  vein  on  the  Clipper  group 
is  8  inches  wide  and  occurs  in  a  diabase  dike  liO  feet  wide,  which  is 
much  altered  and  decomposed.  At  :3,040  foet  elevation  the  vein 
is  12  to  18  inches  wide,  but  otherwise  uiichanged  in  aspect.  The 
Cutter  claims,  1,000  feet  to  the  north,  are  practically  identical  in  all 
respects  and  are  reported  to  carry  good  values  in  gold. 

Buckhom  group, — The  Buckhorn  group  of  nine  claims  is  located 
on  the  west  slopes  of  Granite  Mountain,  near  the  sunnnit.  The  vein. 
which  has  been  exploited  by  open  cuts  and  by  several  tunnels,  one 
at  3,100  feet  elevation  and  the  second  at  :5.000  feet,  occupies  a  fissure 
in  the  granite,  averages  about  15  inches  in  width,  and  has  beiMi  traced 
for  several  miles,  striking  X.  5°  Vs.  and  dipping  45^  XP].  This  vein 
is  similar  in  character  to  the  Treasure  vein  and  is  said  to  carry  gooil 
values  in  gold. 

Lucky  Fhid  group. — The  Lucky  Find  group  of  four  claims  is 
located  on  a  vein  deposit  striking  X.  4.")''  W.  and  dipping  r)()°  XE. 
In  the  iiO-ftwt  tumiel  at  :^,450  fwt  elevation  the  vein  is  1  foot  wide 
and  occurs  between  a  diabase  dike  and  the  inclosing  granite,  llie 
metallic  minerals  are  pyrite  and  chalcopyriic,  with  (|iiartz.  cah-ite. 
and  possibly  siderite  as  gangue.  Well-defined  gouge  niarU>  the  walls 
on  both  sides. 

Lucky  Jim  group. — The  claims  in  the  Lucky  Jim  group  are  situ- 
ated near  the  southwest  side  of  the  .^unniiit  of  (Iranite  Mountain  and 
are  located  on  a  quai*tz  vein  striking  N.  -jr*  VW  and  dipping  -lO-  XK. 
and  similar  in  eveiy  respect  to  the  other  vein>  of  this  area.  The 
metallic  minerals  are  altered  pyrite.  galena,  malachite,  and  azurite. 

Other  claiioH. — Other  claims  on  the  north  >ide  of  (Jranite  Moun- 
tain, near  Salmon  Lake,  namely  the  (io-hy  group  and  the  Juneau 
group,  were  not  visited  by  the  writers,  hut  are  said  to  iu*  located  on 
veins  similar  in  character  to  those  already  dexiihed  nud  are  rej)orted 
to  cany  good  values  in  gold.  In  this  region  the  (pieMion  of  ti-ans- 
portation  is  necessarily  an  important  factui*.  an<l  on  it>  solution  de- 
pends the  future  of  many  of  these  claims.     At   present    profitable 
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mining,  even  in  a  small  way,  is  almost  out  of  the  question  owing  to 
the  inaccessibility  of  the  region. 

CU(»I.M0NDELE1   HOUND. 

GENERAL    DESCBIPTION. 

Cholmondeley  Sound  is  a  deep  inlet  entering  the  east  side  of  Prince 
of  Wales  Island.  Ten  miles  from  the  entrance  it  divides  into  two 
long  arms,  the  West  Arm  and  the  South  Arm,  each  of  which  is  8 
miles  in  length.  On  its  south  side,  about  8  miles  inside  the  entrance, 
is  Dora  Bay,  3  miles  in  length  and  1  mile  wide,  forming  a  good  harbor ; 
and  2  miles  east  of  this  is  Kitkun  Bay,  which  may  be  entered  only  at 
high  slack  water,  its  entrance  being  shallow  and  obstructed  by  hidden 
reefs.  Near  the  entrance  to.  the  sound  the  mountain  declivities  are 
gradual  and  heavily  timbered,  whereas  from  both  South  and  West 
arms  the  valley  slopes  rise  abruptly  to  higher  altitudes,  terminating 
in  peaks  3,000  feet  or  more  in  elevation.  On  few  of  these  does  timber 
grow  above  the  1,500-foot  contour.  A  low^  pass  4  miles  in  length 
extends  from  the  head  of  the  West  Arm  to  the  head  of  Hetta  Inlet, 
and  across  this  a  Government  road  has  been  constructed,  so  as  to 
form  an  easy  route  of  travel  and  means  of  transportation  for  light 
freight  from  Ketchikan  to  Sulzer  and  Coppermount  on  the  west 
coast  of  Prince  of  Wales  Island.  A  second  pass  G  miles  long  extends 
from  South  Arm  southward  to  the  head  of  Klakas  Inlet.  This,  how- 
ever, is  used  only  by  the  natives.  Still  a  third  pass,  ccmnecting  with 
a  chain  of  lakes,  extends  from  Dora  Bay  southeast  to  the  head  of 
North  Arm. 

The  bed-rock  geolog}-  of  this  section  of  the  island  includes  alter- 
nating bands  of  greenstone  and  sericite  schist  and  limestones,  the  lat- 
ter usually  altered  to  marble  (PL  I).  These  all  have  a  general  N. 
50°  W.  strike  with  steep  dips  usually  inclined  to  the  northeast.  In- 
vading these  stratified  formations  are  huge  intrusive  masses  of  granite 
and  (liorite,  which  are  exposed  along  the  north  shore  of  the  sound  and 
foi-ni  the  mountains  west  of  Dora  Bay.  Dikes  of  diabase  and  other 
porphyritic  rocks  noted  in  adjacent  areas  are  also  present  in  this 
section. 

The  ore  deposits  within  the  area  consist  principally  of  auriferous 
quartz  veins,  both  in  the  greenstone  schist  and  along  lines  of  breccia- 
tion  in  the  limestone,  the  latter  IxMug  comparable  with  those  at 
Dolomi  to  the  southeast,  which  are  described  below.  Vein  deposits 
rich  in  galena  ore  carrying  silver  values  are  also  JH'ing  develoi:)ed. 

PKOSPKCTS    SOl'TIF    OK    CHOF.MONDKLKY     SOrNI). 

Gladstone  (/roup. — The  (iladstone  property  of  four  claims  lies  on 
the  south  side  of  the  sound,  »]  miles  east  of  the  entrance  to  Kitkun 
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Bay,  and  extends  in  an  easterly  dire<!tion  for  a  mile  from  tidewater 
(fig.  16).  These  were  located  in  1004,  and  considerable  prospecting 
by  way  of  tunnels  and  open  cuts  has  been  dcme  on  all  the  claims, 
though  no  extensive  developments  have  yet  been  undertaken. 

The  rock  exposures  on  this  group  of  claims  consist  essentially  of 
limestone,  which  in  places  is  banded  and  siliceous  and  in  places 
schistose,  the  structural  lines  striking  N.  35°  W.  The  ore  bodies 
consist  of  two  or  more  parallel  quartz  ledges  including  many  frag- 
ments of  the  limestone  country  rock,  and  are  in  general  parallel  to 
the  bedding  planes  of  the  inclosing  rock,  but  in  places  crosscut  them 
at  small  angles.  The  veins  vary  from  1  foot  to  4  feet  in  width  and 
are  exposed  at  intervals  for  two  claims  in  length. 

On  the  Gladstone  No.  1  claim,  800  feet  from  and  140  feet  above  tide 
water,  an  open  cut  and  tunnel  have  been  driven  on  a  3-foot  vein  for  3G 
feet,  along  which  an  altered  diabase  dike  apparently  forms  the  hang- 
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ing  wall.  This  vein  contains  pyrito  and  ohalcopyrite  in  a  gangue  of 
quartz  calcite  and  some  graphite.  One  hundred  feet  south  of  this  a 
second  vein  1  foot  to  2  fed  wide  lias  been  exposed  by  an  open  cut  at 
210  feet  elevation.  Higher  uj)  the  hill,  at  270  feet  elevation  and  500 
feet  east  of  the  tunnel,  the  vein  has  a  width  of  4  feet  and  shows 
considerable  sulphide  ore. 

On  Gladstone  Xo.  2  claim  the  general  east  and  west  strike  of  the 
veins  gradually  changes  to  a  X.  (iO""  W.,  the  dip  being  S.5°  XE.  At 
400  feet  elevation  an  ()j)en  cut  exj)()ses  a  ()-foot  vein  for  considerable 
distance  along  the  strike,  and  similar  showings  have  been  made  at 
various  other  points  on  this  and  the  two  adjoining  claims  extending 
to  the  sunmiit  of  the  divide  at  S.Vj  feet  elevation,  though  it  is  doubt- 
ful if  any  of  these  deposits  an*  continuous  for  so  great  a  length  as  is 
generally  supposed. 
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Efjuaior  group.— The  Equator  gi^oup  of  claims  lies  one-half  mile 
northeast  of  the  Gladstone  group  on  the  south  side  of  Cholmondeley 
Sound  (see  fig,  16),  This  property  was  loeated  in  1902,  but  no  exten- 
sive developments  have  been  aeeomplished.  The  principal  workings 
are  located  at  350  feet  elevation,  a  hiilf  mile  from  tide  water,  and  con- 
sist  of  a  50- foot  tunnel  along  the  ore  ImkIv,  Tlie  mineral  deposit  is  a 
quartz  vein  3  feet  wide,  contfiining  masses  and  fragments  of  the  in- 
closing limestone  country  rock,  striking  N*  GO"'  W,,  ]iiira]]el  to  the 
limestone  bedding  planes,  and  flipping  ^O*^  SW*,  cutting  the  planes  at 
a  small  angle.  Chalcopyrite  and  pyrite  form  the  sulphide  minerals, 
and  the  values  are  essentially  in  gold.  The  same  vein  has  been  ex- 
posed by  open  cuts  at  points  higher  up  the  hillside. 

Saca  elmm.--The  Siico  claim,  located  in  1905,  lies  just  below  the 
Equator  claim,  at  200  feet  elevation,  on  the  stnitlnvest  side  of  a  gulch. 
On  it  a  50-foot  tunnel  exposes  a  vein  deposit  4  feet  in  width  at  its 
mouth  and  naiTowing  to  2  inches  at  its  face.  The  inclosing  rock  is 
a  talc  schist  striking  east  and  west,  the  trend  of  the  vein  being  N. 
40^  E*  with  vertical  dip.  Scattered  t]} rough  the  vein  ai-e  small  masses 
of  chalcopyrite  and  pyrite,  carrying  small  values  in  gold  and  silver. 

Park  View  and  0^  K.  vlaim^. — The  Park  View  and  O*  K*  prospects 
are  loc*ated  on  the  s^^uth  side  of  Cholmondeley  Sound,  at  an  elevation 
of  about  900  feet  and  IJ  to  2  miles  from  tide  water.  The  mineral 
deposits  on  these  claims  were  discovered  in  1905  and  have  been  de- 
veloped by  surface  stripping  and  open  cuts.  On  the  Park  View 
claim  a  5-foot  belt  of  mineralized  schist  parallel  with  the  inclosing 
schists  and  striking  N.  75"  W,  has  been  exposed  b}^  an  open  cut  and 
a  pit  8  feet  deep-  This  lode  deposit  includes  stringers  and  kidneys  of 
quartz  and  ealeite,  and  chalcopyrite  and  pyrite  are  finely  dissemi- 
nated in  the  veinlets  and  the  schist.  The  average  values  are  reported 
to  be  low,  and  it  is  doubtful  if  ore  sidEciently  high  in  grade  to  mine 
will  be  found* 

On  the  (X  K*  claim,  three-fourths  of  a  mile  to  the  west,  on  the  west 
alope  of  the  ridge,  (jractically  no  work  has  been  done.  The  deposit 
is  a  well-defined  quartz  vein  strikmg  N,  75^  W.  and  following  the 
contact  between  a  schist  to  the  north  and  a  limestone  belt  to  the 
south.  The  vein  is  3  to  4  feet  wide  and  is  exposed  100  feet  in  lengthy 
containing  chalcopyrite,  pyrite,  sphalerite^  and  small  amounts  of 
galena,  and  is  reported  to  carry  copper  and  gold. 

PltOHP£Cl'S  AT  KlTKttN   BAY. 

Wmhiugtoti  an(J  Orvgon  ^InhftH.—T^h^  Washington  and  Orego^ 
prospects  are  situated  on  the  southeast  side  of  Kitkun  Bay  one- fourth 
mile  from  tide  water.  They  were  fii*st  located  in  11K)0  as  the  Maggie 
May  gioup,  and  in  1904  were  relocated  under  ihe  above  names. 
Most   of  the   de\elopment    work   consists   of    wide  open   cuts   and 
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has  been  done  on  the  Washington  claim  near  its  junction  with  the 
Oregon  at  an  elevation  of  300  feet  (see  fig.  17).  The  ore  body  con- 
sists of  a  10-foot  band  of  brecciated  limestone  and  schist,  traversed 
by  a  network  of  quartz  stringers  and  veinlets  carrying  small  amounts 
of  sulphide  ore.  The  strike  of  this  lode  deposit  is  X.  45°  E.,  cross- 
cutting  the  general  trend  of  the  inclosing  country  rock,  which  is  to 
the  northwest.    About  200  feet  east  of  this  l)elt  is  a  vein  deposit  3 


FiH.  17. — Map  of  Kltkuii   Ituy.   showing   lii,allon   <»f   iirospfcts. 

feet  wide,  striking  N.  30°  E.  witli  vertical  dip  and  crossculliii«r  tht* 
chlorite  schist  country  rock.  In  tliis  vein  pyritc.  diak-opyrite,  and 
sphalerite  occur,  containing  small  values  in  gold  and  silver. 

Kid  ffraup^ — ^The  Kid  group  of  three  claims  lies  one-fourth  mile 
east  of  the  Washington  claim.  The  propeity  was  originally  located 
u  the  Fawn  group  and  is  described  by  Mr.  Brooks  in  his  i*eyort.,  but 
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since  his  visit  in  ltH)l  little  develtiptnent  wtirk  has  \men  done,  and  in 
UKlf)  the  chiiiiis  were  relm^ated  »is  I  he  Kid  p*oijp.  Oreenstmie  schiMs 
with  interculiitL*d  liujestoiH*  huds  furni  Llit^  L^tjnntry  roek  and  have  a 
nearly  east  nad  weHt  strike  with  u  dip  45^  N.  Three  pa  ru  I  lei  quarti5 
veiJis  striking  N.  ZO^  H  with  a  vertieal  dip  have  been  prospected  on 
these  elainis.  On  tdaini  No.  2  m  a  tunnel  W  feet  long  at  050  feet  ele- 
vatinn,  exposing  a  vein  4  feet  wide,  which  has  been  traced  for  a  con- 
siderable distance  along  the  surface,  following  the  principal  direction 
of  slipping  planes  and  jointing  in  the  country  rock.  At  one  jxiint  it 
was  crosscut  by  a  diabase  dike  of  more  recent  intrusion  than  the  ore 
deposition.  The  vein  is  essentially  quartz,  carrying  small  amounts 
of  pyrite,  chalcopyrite,  galena,  and  s[)halcrite.  About  150  feet  east 
of  this  tumiel  is  the  sec^ond  vein,  which  is  from  4  to  8  feet  wide  and 
outcrops  along  the  surface  for  a  considerable  distance.  l^Hiei-e 
opened  by  surface  cuts,  pyrite  contained  in  a  gungue  of  quartz  and 
calcite  was  the  principal  sulphide  niincraL 

The  third  vein  lies  50  feet  fart[ier  eiist,  and  has  been  explored  by 
.several  open  cuts,  exposing  a  vein  U  feet  in  width  with  included  frag- 
ments of  schist  in  which  sulphide  minerals  were  tinely  disseminated. 
This  vein,  as  also  tlie  otlfer  two,  are  reported  to  contain  but  a  few 
ilt*llurs  in  metal  values. 

Alameda  ami  Frm^o  eiaims. — The  Alameda  and  Frisco  claims, 
which  are  rdso  unckn eloped  i>rospec^ts  and  represent  relocations  of  the 
Tom  Hov  claims  Nos.  1  andti;,  nw  situated  along  a  gtilcli  one-half  ^ 
mile  fnmi  tide  water  and  I  mile  southeast  ut  the  Wasliington  claim*  ^M 
On  the  Alameda  claim,  at  750  feet  elevation,  is  a  vein  dep<jsit  4  feet  ™ 
in  width  striking  ntjrtli  and  south  with  a  dip  of  50'-'  east,  and  at  H50 
feet  elevation  the  same  vein  is  expossed  on  the  east  bank  of  the  gulch. 
The  deposit  was  essentially  of  quartz,  containing  very  little  mineruL 
and  is  s;iid  to  be  low  in  gold  value.     At  1,000  feet  elevatitm,  on  the   ^ 
Frisi^o  claim,  a  I2*ft)ot  vein  deposit  striking  north  and  south  has  been  fl 
o|jened  by  a  surface  trench,  and  in  the  vein  are  included  fragments  ^^ 
of  the  schist  ami  limestone  comit ry  rock,  and  sn*all  particles  i)f  pyrite.        ■ 
The  vein  is  said  to  carry  but  a  few  dollars  in  gold  values.     AlK)ve  ^M 
this  (dainj,  at  h()50  feet  elevation,  on  the  divide  between  Kitkun  Hny  ^t 
and  Dolomi  w  Johnson  Inlet,  a  slightly  mineralized  lotle  deposit  30 
feet  in  width  is  exposed  and  forms  a  small  ridge  protruding  above 
the  schist.     This  is  also  rep(n^ed  to  lie  of  too  low  grade  to  mine. 

T/w^vw/f  f/mtt/K — This  group  embraces  sixteen  claims  extending  1 
rjiih^  inland  from  the  south  end  of  Kitkun  Bay.  They  were  first 
lo(*ated  in  li^iJO  and  are  de^^ribe(l  Ijy  ifr.  Brooks,  who  visited  the  local- 
ity in  lilOl,  at  which  time  energetic  developments  were  l>eing  acl- 
vam*ed.  Since  l^UH  operaticms  have  been  suspended.  At  a  point  600 
fei^t  in  eh'vation  and  three-fourths  mile  fi'om  the  bay  is  the  Croesus 
tuniiel,  ^itJO  feet  in  length.    This  follows  a  quartz  vein  varyhig  from  a 
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width  of  4  feet  at  the  mouth  to  4  inches  in  width  at  the  face  of  the 
tunnel  and  striking  south  with  a  dip  of  8r>°  E.  The  country  rock  is  a 
f^reenstone  schist  alternating  with  beds  of  limestone  and  strikin*::  \. 
70°  W.  with  a  dip  70°  NE.  Above  this  tunnel  at  750  feet  elevati(m 
a  second  tunnel  135  feet  long  has  l)een  driven  along  the  same  quartz 
vein,  though  in  this  the  width  of  the  vein  was  much  snuiller,  varying 
from  2  to  8  inches.  Rich  ore  is  reix)rted  to  have  been  taken  from  this 
vein,  but  the  pay  streaks  are  small  and  in  places  were  faulted,  thus 
discouraging  further  developments.  About  a  half  mile  southwest  of 
these  workings  is  the  San  Juan  claim,  on  which  at  a  point  500  feet  in 
elevation  a  crosscut  tunnel  320  feet  in  length  has  been  driven  in  a  S. 
6i)°  E.  direction,  and  above  this  a  second  tunnel  '20  feet  long  has  been 
driven,  though  in  neither  tunnel  was  ore  exposed.  At  ()80  feet  in 
elevation  a  quartz  vein  0  feet  wide  striking  X.  2(r  W.  with  a  dip  30° 
XE.  .  Some  high  assays  have  been  obtained  from  the  ore  in  this  vein, 
but  its  average  value  is  low.  Other  prospects  have  l>een  located  in 
this  vicinity  on  similar  vein  deposits,  but  these  were  not  visited  by  the 
writers. 

PROSPECTS    AT    THE    HEAD    OF    DORA    BAY. 

General  description. — Dora  Bay  is  a  narrow  inlet  3  miles  long  on 
the  south  side  of  Cholmondeley  Sound  (fig.  U\),  At  its  head  a 
.stream  one-half  mile  long  connects  with  a  lake  Ij  miles  long,  and  at 
the  head  of  the  lake  the  mining  prospects  are  located.  These  may 
also  l)e  reached  by  a  trail  from  the  head  of  North  Arm.  The  lime- 
stones and  schist  constitute  the  j)rincij)al  bed-rock  exposures  within 
this  aix»a,  and  on  the  west  side  of  the  bay  these  are  intruded  by  a 
wide  area  of  granite,  which  also  forms  the  west  shore  of  Dora  Lake. 
The  niinenil  deposits  are  veins  in  the  limestone  nnd  schist  and  con- 
tain values  principally  in  silver  and  lead  with  only  snuill  values  in 
gold,  the  ore  minerals  being  galena,  sphalerite*,  jnrite.  and  chal- 
eopyrite. 

Lady  of  the  Lake  group, — The  Lady  of  the  Lake  claims,  three  in 
all,  are  located  just  above  the  southwest  end  of  Dora  Lake  I'J  miles 
from  the  bay.  At  2*20  feet  elevation  a  crosscut  tunnc^l  (Js  feet  long 
undercuts  a  vein  deposit  3  to  s  feet  wide  along  a  j)lane  of  breccia- 
tion  in  the  calcite-schist  country  rock.  At  its  outcrop  (>0  feet  i»bove 
the  tunnel  the  vein  has  been  op(Mied  by  surface  trenches  along  its 
strike,  which  is  N.  10°  AV.  with  a  dip  »yiV'  SW..  j)arallel  to  the  bedding 
planes  of  the  inclosing  limestone  country  nxk.  The  contained  min- 
erals are  galena  and  sphalerite,  with  some  pyrite  and  clialcoi)yrite, 
and  the  values  contained  are  in  gold  and  silver.  No  work  has  been 
done  during  the  last  f(»w  years  on  this  proi)erty. 

Oregon  and  Idaho  fhihux, — The  On^gon  and  Idaho  prospects  were 
originally  located  as  the  Frisco  group  in  lSi)l),  and  in  11)03  were  relo- 
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cated  under  the  above  names.  They  are  situated  just  south  of  the 
Lady  of  the  Lake  group  and  half  a  mile  from  the  western  end  of 
Mineral  Lake,  tributary  to  North  Ann*  The  rock  exposures  consist 
of  decomposed  and  slightly  mineralized  schist  striking  N,  20°  W-  and 
dipping  70*^  S\Y,  The  ore  body  jk  a  well-definetl  vein  deposit  3  fi*el 
in  width  striking  N.  20^  E.  with  a  dip  70°  SE.,  and  follows  the  150- 
foot  contour  of  the  movmtaiii  s^lope  for  sevenil  huiidred  foot,  It  ha.^ 
been  developed  by  pits  and  open  cuts  and  contain.s  sphnk^rite,  pyrite 
with  .^ome  g^ilena,  and  chalcopyrite.  The  ore  body  is  not  large  and 
the  values  are  said  to  average  l>ut  a  few  dollars, 

tlOtOHL 

Gmwj*ul  description, — Dolouii  is  a  t4nuill  mining  town  at  the  head 
of  a  small  bay  on  the  north  side  of  Johnson  Inlet,  which  has  its  en- 
trance south  of  Chohnondelev  Sound*  Tributar^^  to  this  bav  are  two 
broad,  lowdying  vtilleys  occupied  by  lakes,  the  one  trending  to  the 
north  and  the  other  to  the  west.  The  surrounding  mountains  are  rela- 
tively low,  with  graduiil  sloi>es  den.sely  wooded  to  their  summits. 

The  rock  exposures  tire  the  continuation  uf  I  lie  limestone  and  schist 
belts  estposed  in  Cholmondeley  Bound  to  the  north  und  having  an 
east  and  west  strike  (see  PL  I),  The  rock  beds  at  this  point  a,re 
closely  folded,  and  the  limestones  are  altered  to  jnarbkj  which  is 
oft-en  banded  blue  in  color  and  siliceous.  Tlie  schists  are  made  up 
principally  of  greenstone  materia K  chiefly  ind united  tuffs,  and  inter- 
bedded  with  them  are  sericite  and  argillite  schists.  Xnmerous  dikes 
of  diabase  intrude  these  roek  beds  as  well  as  the  ore  deposits. 

The  ore  bodies  are  typical  examples  of  the  breccia  veins  and  usual- 
ly strike  parallel  to  the  general  structural  planes  of  the  altered  lime- 
stone and  siliceous  schist  country  rock.  Along  these  planes  the  min- 
eral solutions  have  circulakHh  depositing  (|nartz  and  various  metallic 
sulpliidt5  minerals,  which  together  form  the  cementing  niaterial  of  the 
brecciated  lime.stone  fi^agments.  These  included  rock  fragments,  as 
well  as  the  inclosing  wall  rock,  are  largely  replaced  by  the  ore-bear- 
ing minerals.  These  deposits  \^vj  from  'I  to  10  feet  in  width  and  are 
often  traceable  for  1,000  feet  or  more.  The  minerals  contained  are 
fine  gold,  tetrahedrite,  galena,  sphalerite,  chalcopyrite,  and  pyrite, 
with  quartz  and  calcite  as  gangue.  At  the  surface  esposui^s  the  tet- 
rahedrite  and  chalcopyrite  are  in  some  instances  altered  to  uialachite 
and  azurite,  which  tinge  the  veins  with  characteristic  green  and  blue 
colors.  In  this  type  of  deposit  the  richer  ore  generally  occurs  in  the 
form  of  shoots  within  the  vein,  pitching  at  an  angle  to  its  dip.  Of 
the  many  veins  that  have  been  prospected,  the  Valparaiso,  Paul,  Ama- 
zon, and  Golden  Fleece  are  be^t  known.  Since  1898  prospecting  has 
been  done  in  this  vicinity,  and  a  vast  number  of  claims  have  been  lo* 
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f  eatad  and  partially  developed^  but  only  those  properties  on  whicli  the 
larger  ore  bodies  have  been  exploited  will  be  described  in  the  follow- 
ing pa^s^.     From  two  mines,  the  Valparaiso  and  Golden  Fleece,  a 

'  srimll  pi\*diiction  of  high-grade  ore  was  made  in  former  years,  but  of 
la  e  mining  progress  has  been  retarded  by  litigation.  But  this  diffi- 
culty is  said  to  have  recently  be^en  overcome, 

Valparam>  gron/K — The  Valparaiso  group  of  claims  includes  mv- 
cnil  locations  along  the  north  J^ide  of  Paul  Lake,  from  1  to  2  miles 
from  Dolomi,  and  are  connected  with  tlie  head  of  the  bay  by  a  surface 
tramway  {fig.  18),  The  principal  development  work  has  been  ad- 
vanced on  the  Valparaiso  claims  Nos,  1  and  %  and  on  the  Paul  and 


Fio.  18* — ^Bketdi  nap  ihewlJig  mlnti  and  prftspeets  near  Doloml,  Prince  of  Wales  lalaud. 

Jessie  claims.  The  Valparaiso  claims  are  located  from  80  to  100 
feef  above  and  one-fourth  mile  from  the  northwest  end  of  Paul 
Lake:  the  workings  consist  of  two  shafts  150  and  225  feet  in  depth, 
frou)  the  latter  of  which  ^0,  150,  and '300  foot  levels  have  been  extended 
along  I  he  vein  17*i,  3r>0,  and  250  feet,  respectively,  in  length.  On  the 
F*aul  and  Jes?»ie  chums,  along  the  north  shore  of  Paul  Lake,  several 
shaft  ft  hav**  been  sunk  from  10  to  iMH  feet,  following  the  veins,  and 
various  cuts  expose  the  ore  body  along  the  surface.  The  Valparaiso 
vein  is  probably  the  larger  and  most  extensive  of  the  ore  bodies  that 
p  t>een  discovered  in  this  section.    It  has  been  traced  several  thou- 
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trend  and  dips  30°  to  50°  NE.,  the  variation  being  due  to  the  folding 
and  flexing  of  the  inclosing  limestone  beds,  with  which  the  vein  is 
in  general  parallel.  Taken  as  a  whole,  the  vein  is  of  moderate  grade 
ore,  hut  several  ore  shoots  containing  high  values  have  been  found  in 
it,  and  from  the  main  shaft  on  claim  No.  1  a  considerable  amount  of 
this  ore  has  been  mined.  The  following  figure  presents  a  cross  sec- 
tion and  plan  of  the  ore  shoot  in  this  vein  as  exposed  at  these  work- 
ings (fig.  19).  The  ore  shoot  is  confined  to  the  foot  wall,  and  pitches 
GO""  SE.  The  central  portion  of  the  vein  is  made  up  of  limestone 
breccia  in  a  quartz  matrix,  and  on  both  the  foot  and  hanging  wall 
sides  it  is  defined  by  veins  of  massive  quartz.  Slipping  planes  along 
which  gouge  matter  is  present  were  observed  striking  parallel  with 
the  vein.  The  ore  minerals  are  tetrahedrite  carrying  free  gold,  chal- 
copyrito,  and  some  pyrite. 


Vm.   lU. — Skofcli  of  luiiic  workiTi;;s  at  Valparaiso  miiir.    l>(>l«»ini.  showing:  position  of  ore 

shoot. 

The  Nciiis  exposed  on  the  P:iul  niid  Jessie  ehiiins  aiv  similar  to  the 
V^nlpnriiiso  \v\i\  mid  have  fairly  well-delined  walls.  The  priiK-ii)al 
\-ein.  which  has  heeii  developed  on  hoth  of  the  claims,  strikers  N.  70^ 
W.  and  dips  X)  \K.  It  varies  from  :>  lo  S  feet  in  width  and  follows 
the  pMieral  ti'end  of  the  inclosin<r  limestone.  It  is  traversed  i)v 
sli|)pinir  planes,  showin<i-  that  a  deformation  of  the  vein  has  taken 
j>lace  since  its  deposition.  Holh  in  the  vein  and  in  the  country  rock 
sulphide  minerals  are  finely  disseminated  and  occur  in  suuill  masses 
throughout  the  \'ein.  The  miiuM-als  observed  ai*e  fi"(M»  <r<)ld.  pyrite, 
chalcopyrite,  tetrahedrite,  galena,  aiul  sphalerite,  and  at  the  surface 
uuilachite,  a/urite,  and  limouite  are  present. 

Anuf.zn/i  cldun. — The  Amazon  claim  is  located  about  1  mile  north 
of  Dolomi  and  west  of  John  Creek  (Hg.  IS).  The  country  rock  is 
a  calc  schist  striking  X.  85^  E.  with  a  dij)  of  50^  NW.  The  deposit 
is  a  breccia  vein  from  5  to  10  feet  in  width,  which  is  parallel  to  the 
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bedding  plane.  Tht*  ilevelopinentH  consist  of  an  inclined  shaft  123 
feet  deep  and  ut  a  point  50  feet  below  tlie  surface  a  drift  extended 
.10  feet  to  each  side.     The  ore  is  of  relatively  low  grade. 

Stilmim  c/«iW.— This  claim  is  locuti^d  on  the  west  side  of  John 
Creek  one-fourth  mile  north  of  D^domi  (fig,  18)-  The  ore  at  this 
point  is  inclosed  in  a  greenstone  schist  and  consists  of  a  breccia  vein 
averaging  5  to  15  feet  in  width,  striking  N.  80*^^  W»  and  exposed  for 
•)00  feet  in  length  by  open  cnts  and  shallow  \nt^.  The  snrfare  ex- 
posures of  tins  deposit  are  much  oxidized,  tho  original  sulphide 
minerals  being  pyrite  and  chalcopyrite.  Material  from  the  oxidized 
portion  subjected  to  pan  tests  yielded  colors  of  gold. 

Bemtfy  fiahn^. — ^The  I^eauty  grouj)  of  two  claims  lies  one-half 
inih'  noHh  of  Dolomi  on  the  east  side  of  iolin  Creek,  the  lower  claim 
rn^si^ing  to  the  west  side  of  the  creek  (sec  fig.  18).  A  quartos  vein  4 
tu  r»  feet  witle  striking  N.  20°  E.  and  dipping  45°  SE.  constitutes  the 
ore  body.  This  traverses  a  limestone  Ijclt  striking  N»  30^  W-  and  bus 
\ieei\  traced  for  nearly  1,000  feet,  being  exposed  on  claim  No.  2  by 
two  inclined  shafts  50  feet  and  CO  feet  in  depth  and  on  claim  No.  1 
by  ft  15- foot  shaft.  On  the  east  side  of  the  latter  claim  anolfier  vein 
•leposit  2  feet  in  width  parallels  the  liedding  plane  of  the  limestone, 
but  has  only  bc€*n  exposed  by  an  open  ciit>  The  minerals  ctnitained 
aiv  tetrahedrite,  chalcopyrite,  and  pyrite,  with  small  amounts  of  mahi* 
chite  and  azurite  exposed  on  the  surface* 

Fortvnc  chrims, — The  Fortune  claims  lK?gin  100  yards  below  the 
ntouth  of  James  Lake  ajnl  extend  nortliwest  along  the  southwest 
Bhoi^e  of  the  lake.  The  country  rock  is  a  graphitic  schist  with  included 
bands  of  blue  limestone.  The  ore  body  is  a  lode  deposit  striking  N, 
i'lO^  W.  and  dipping  25^  SE,  and  is  10  feet  or  more  in  width  including 
tpuirls!  veins  from  1  foot  to  2  feet  in  width.  Slipping  planes  are  of 
ronimon  occurrence  tlirougbout  the  deposit,  and  in  places  it  is  nmch 
frartured.  Chalcopyrite  an*!  pyrite  arc  the  principal  niiaerals  that 
iK-cnr.  The  developmentB  consist  of  shallow  shafts  and  open  cuts  and 
do  not  exceed  in  amount  the  annual  assessment  requirements. 

Afphn  f/nnt/h — The  Alpha  claims,  three  in  lunnber,  are  located 
between  SOO  and  400  feet  elevation  on  the  mountain  1|  miles  fi'oni 
Doltimi  ajid  half  n  mile  east  of  James  Lake  (see  fig.  18).  The  prin- 
i'ipai  ore  [jody  deveh*ped  consists  of  a  vein  deposit  5  feet  In  witUlu 
wliich  has  been  traced  for  nearly  2,000  feet  in  length.  The  mck 
fi»rmation  consists  of  a  banded  limestone,  in  places  schistose  and 
mucli  folded,  striking  N.  80°  W,  The  vein  has  a  north  and  south 
strike  and  dips  45°  W*  and  contains  pyrite  and  chalcopyrite  witli 
small  values  in  gold.  The  development  work  consists  of  open  cuts 
and  a  shaft  35  feet  deep. 

Qolden  Fleece  grmtp. — The  Golden  Fleece  property,  w^hich  repre* 
i*ents  one  of  the  earliest  locations  iu  the  region,  lies  oa  tlie  \yiicl\k%xv4 
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of  James  Lak^  2  miles  from  tide  water   (see  fig.  18).     A  5-stamp 

mil!  was  erected  on  the  property  in  IftOl  and  a  tramway  built  from 
the  lower  end  of  the  lake  to  the  wharf  at  Dolomi.  The  mine  de- 
velopments, which  were  actively  advanced  in  1901-2j  consist  of  two 
long  tunnels,  ench  200  feet  in  length,  and  from  them  stopes  and 
winsEeis  have  been  sunk  on  the  ore  Imdy.  Early  in  1905  work  on  this 
property  virm  suspended  and  shice  that  time  no  attempt  has  been 
made  to  o|>erate  this  mine. 

The  ore  deposits  are  irregular  lenses  slightly  cutting  the  bedding 
planes  of  ihe  inclosing  limestone  and  varying  from  a  fraction  of  a 
foot  to  8  feet  or  more  in  width.  The  strike  of  these  irregidar  de- 
posits is  northeasterly*  the  dip  being  40^  SE.  A  peculiar  and  ad- 
vantageous feature  of  this  mine  is  the  occurrence  of  several  limestone 
caverns  which  in  places  follow  the  mineral  deposit,  Crosscutting 
both  the  limestone  and  the  ore  bodies  ai^  diabase  dikes  which  are 
of  moi'e  recent  intnision  than  the  ore  deposit.  The  ore  consists  of 
two  gohl  with  tetrahedrite  and  pyrite,  the  grade  on  a  whole  being 
moderate. 

PBOBFECrrS  OK  S01TTH  BHll  0r  50RTB  ABM. 

On  the  south  side  of  Xorth  Arm  several  groups  of  claims  have 
(wen  located  on  the  nioiuitain  slope  1  to  2  miles  from  the  shore,  but 
wilh  the  exception  of  annual  assessment  work  the  developments  have 
l>een  slight  (see  fig.  7), 

The  IVestlake  group  consists  of  tliree  claims^  the  Little  Annis,  the 
Blue  Bird,  and  the  Homestake*  located  in  lOOL  On  the  Little  Annis 
claim^  at  1J200  feet  elevation,  quartz  stringer  veins  occur  in  granite 
near  its  contact  with  a  schist  belt  and  have  been  exposed  near  it*i 
contact  by  several  open  cuts.  The  veins  strike  N.  30°  E.  and  dip  70"" 
8E. ;  they  are  variable  in  width,  contain  pyrite  in  small  amounts,  and 
ai*e  reported  to  carry  low  values  in  gold.  At  1.500  feet  elevation^  on 
the  lilue  Bird  claim,  which  has  been  relocated  and  is  now  called  the 
Sleepy  Eye  claim,  a  shaft  40  feet  deep  has  been  sunk  on  a  bedded  vein 
in  minej*alized  schist,  striking  N,  60'^  W.  and  dipping  55°  SW.  The 
mehillic  minerals  are  galena,  zinc  blende,  pyrite*  and  occasional  parti- 
Avs  of  fi-ee  gold,  in  a  gangue  of  quartz  and  graphite*  The  scliist 
formation  is  banded  and  varies  from  phyllite  to  green  chlorite  schist. 
TIh^  vein  is  i^ixirted  to  C4irry  high  values  in  gold  and  can  be  traced 
for  a  considerable  distance.  The  main  quartz  vein  shows  evidence 
nf  liuving  been  fractui'ed  and  recemented  by  later  quarts  filUngs. 
Tilt*  devek*pn^ents  on  this  group  of  claims,  however,  have  not  yet 
|viii|iri^j<?*iHl  ^iufliciently  to  expose  ore  lx>dies  of  any  extent  or  great 

IC^\jithwtwt  4if  the  Westlake  gtx>up  and  nearer  the  shore  is  the  Hope 
%^\  whirfi  a  pyritiferous  quartz  vein  lias  been  discovered  fol- 
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lowing  slipping  planes  in  chlorite  schist.  The  vein  is  irregular  in 
width  and  direction  and  has  been  investigated  by  means  of  a  tunnel 
at  450  feet  elevation  and  about  80  feet  in  length.  Not  far  from  the 
tunnel  a  large  intrusive  granite  mass  invades  the  chlorite  schist. 
These  (*laims  were  visited  and  described  by  Mr.  Brooks  in  1901,  and 
but  little  work  has  been  accomplished  on  them  since  that  time. 

tiBi^lXi  ISLAND. 

GKNKKAI.    F)KS('KII»'riON. 

The  only  gold  deposits  so  far  discovered  on  (Iravina  Island  are 
along  its  eastern  shore  opposite  Pennock  Island.  This  portion  is 
made  up  of  the  greenstone  schists  with  interstratified  slate  beds  strik- 
ing X.  50°  W.  and  dipping  00°  NE.  These  are  intruded  by  occasional 
dikes  of  diabase  striking  approximately'  north  and  south,  which  cross- 
cut the  ore  deposits.  The  ore  bodies  are  both  vein  deposits  and  lode 
<leposit.s,  the  latter  being  the  most  important.  The  lodes  consist  of 
an  impregnation  of  sulphide  minerals  and  fillings  of  cjuartz  in 
the  form  of  veinlets  along  beds  of  altered  greenstone  schist.  This 
character  of  mineralization  extends  from  5  to  50  feet  in  width  and 
is  often  traceable  for  a  few  thousand  feet  along  the  trend  of  the 
schist.  Such  lodes  may  be  readily  nn^ognized  on  the  surface  by  the 
bleached  appearance  of  the  rocks  caused  in  part  by  the  decomposition 
of  the  sulphide  minerals.  The  principal  metallic  mineral  is  pyrite, 
disseminated  in  the  form  of  snuiU,  bright  cubes  and  contained  in  both 
the  quartz  veinlets  and  the  schist  in  amounts  varying  from  2  to  4 
per  cent.  The  presence  of  slipping  planes  and  luirrow  seams,  usually 
transverse  to  the  schistosity,  which  are  often  filled  with  quartz  con- 
taining the  sulphide  minerals  galena  and  sphalerite,  indicates  an  in- 
jection of  mineralizing  solutions  subsecjuent  to  the  main  j)eriod  of 
oiv  deposition.  Gold  is  also  present  in  these  later  veins  in  small 
visible  particles. 

(lOLDSTRF.A  M     (J  ROT  I'. 

Situation  and  derelopmeijf. — The  (Joldstream  group  of  six  claims. 
the  projKirty  of  the  Irving  Consolidated  Mining  C()ni])any,  is  situated 
close  to  tide  water  on  the  east  side  of  (Jravina  Island  :^  miles  south 
of  Ketchikan.  The  presence  of  mineral  deposits  ()utcn)pi)ing  along 
the  shore  at  this  locality  has  been  known  since  ISDT,  and  various  at- 
tempts have  l)een  made  to  develop  them,  but  with  I  it  lie  success.  The 
principal  work  was  done  in  JDO*^.  when  a  r)-stamp  mill  was  installed, 
a  shaft  was  sunk,  and  drifts  were  extended  along  the  ore  body.  Small 
developments  were  accomplished  the  following  two  years,  and  the 
values  recovered  from  the  ore  mined  and  treated  in  \\w  stamp  mill 
are  rei)orted  to  have  defrayed  all  develoi)ment  expanses.  In  lOOG 
-10840— Bull.  347— OS 12 
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tlu*  living  Conyolidated  Mining  Company  was*  orgnnvmd  and  larger 
openttion^^  were  begnn*  Tlic  pr<isent  developments  consist  of  a  shaft 
115  feet  in  depth,  from  whitOi  two  levels  50  and  100  feet  below  the 
surface  have  been  extoiided  and  alwut  400  feet  of  drifting  and  cross- 
cntiing  has  been  acctmiplished*  From  the  stopes  in  the  ore  botly 
3,000  tons  of  ore  are  reported  to  liave  been  mined.  At  other  points  on 
each  of  the  two  adjoining  claims  to  the  southeast  belonging  to  the 
same  company  a  50-foot  shaft  lias  Ix^eti  sunk  and  open  cuts  and 
trenches  liave  been  made  along  tlie  ore  bodies.  Besides  the  5-stamp  ^J 
mill  li  wharf  has  \}e^n  built  and  i^veral  buildings  erected.  ^M 

Ore  hodii'S. — Two  lode  deposits  occur  at  this  mine,  botli  striking  ^ 
parallel  with  the  sehistosity  of  the  inelosiiig  rock  and  l>cing  sejianited  ^J 
by  a  belt  of  unmineralized  schist  IX)  feet  in  widtli*  The  country  rcx^k^B 
is  a  schist  of  varialde  character,  made  up  nf  both  igneous  and  sedi-  ^ 
mentary  material,  the  predominant  varieties  L^iug  chlorite,  talc,  and 
qinirtz-si^ricite  schist.  The  main  deposit,  on  which  the  ^^rincipal  de- 
velopnients  have  been  advanced,  lias  a  width  of  4  to  8  feet  and  is 
traceable  1,000  feet  or  more  in  length.  Though  the  hxles  are  miner- 
alized throughout,  the  values  iire  confined  to  an  ore  shoot  pitching  tK)^ 
SE.  in  the  lode  exposefl  at  the  top  of  the  shaft.  This  is  exposed  in 
both  the  50-  and  lOO-foot  levels  for  (>0  to  JSO  feet  in  lengthy  and  from 
it  a  large  portion  of  the  ore  has  been  mined.  It  is  reported  that  lat© 
in  1906  another  ore  shoot  had  been  opened  on  the  100- foot  level  by  a 
drift  extending  nortliweirit  from  tlie  shaft.  Tlie  principal  minerals 
eimtained  in  the  ore  from  this  deposit  are  pvrite,  chaleopyrite,  galena,  . 
sphalerite,  and  some  ar^nopyrite.  The  gold  occurs  native,  associ-^M 
ated  with  the  sulphides  and  quartz  seams  in  small  particles^  and^^ 
along  slipping  planes  and  cracks  in  the  form  of  thin  flakes.  In  the 
mine  workings  an  altered  diabase  dike  several  feet  Avide  has  been 
enccamtered  cros8i«ntting  tlie  ore  body  and  striking  X.  10"^  W*  with  a 
dip  of  75°  NE,  Quarts  stringers  barren  nf  mineral  were  observed  to 
intersect  this  dike,  and  these  and  the  dike  are  younger  than  the  gen 
eral  uvineralkation  of  the  schists  and  apparently  of  more  recent  in 
trusiiai  than  the  second  period  of  mineralization  represented  by  the  i 
quartz  seams  carrying  galena  and  sphalerite.  On  the  second  lode^f 
deposit,  100  feet  southwest,  is  a  much  wider  ore  body  expostul  across ^1 
a  width  of  40  fc^'t  and  for  several  hu!i<lred  feet  in  length.  The  hang-  ^ 
iug-  and  foot -wall  sides  of  this  lode  ai*e  defined  by  bands  of  beavily^H 
minenilized  rijck  8  to  14  feet  wide,  the  central  portion  being  coni-^^ 
posed  of  but  slightly  mineralized  schist.  A  50-foot  shaft  has  Ijeen^ 
sunk  oti  the  foot-wall  portion  of  the  lode,  but  the  ore  developed  car-^^| 
ries  only  small  values  in  gold.  The  possible  continuation  of  this^l 
deposit  has  also  lx*en  prospected  un  the  adjoining  claim  to  the  south 
east  by  a  50- foot  shaft  and  surface  trenches* 
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IIECKMArr   GROUP. 

The  Heckman  group  consists  of  fivo  claims  which  start  at  a  point 
on  the  shore  1  mile  south  of  the  Goldstream  mine  and  extend  north- 
westerly up  the  eastern  slope  of  the  island.  Close  to  the  beach  is  a 
<iO-foot  shaft  with  drifts  82  feet  in  length  exposing  a  lode  deposit  8 
fwt  in  width.  At  a  point  half  a  mile  to  the  northwest  a  second  shaft 
has  been  sunk  50  feet  on  a  similar  lode  deposit,  though  at  this  point 
but  a  small  amount  of  mineralization  was  observed.  No  work  has 
been  done  on  these  claims  during  the  last  few  years. 

MOONSHINE   (iKOUP. 

The  two  claims  which  comprise  the  Moonshine  group  are  located 
one-fourth  mile  south  of  the  Heckman  grou]).  The  ore  bodies  on  these* 
claims  consist  of  two  parallel  vein  deposits  striking  northwest,  the  ojie 
18  feet  and  the  other  (5  feet  wide,  sei)arated  by  50  feet.  The  country 
rock  is  made  up  of  black  and  altered  greenstone  schist.  On  the  larger 
vein  is  an  open  cut  30  feet  long,  and  on  the  smaller  vein  a  shaft  12 
feet  deep  has  been  sunk.  Xo  work  has  been  advanced  on  these  de- 
posits during  the  last  few  years  and  the  ore  is  apparently  of  too  low 
a  grade  to  encourage  further  develo])ments. 

ANNKTTE   ISLAMI. 

Annette  Island  lies  just  south  of  (iravina  Island  and  include^  an 
area  of  133  square  miles.  The  eastern  ajul  central  parts  of  the  island 
are  abrupt  and  mountainous,  the  highest  suniniit  being  Mount  Ton- 
gass,  with  an  elevation  of  3,()84  feet:  the  west  coast  of  th(*  inland  is 
low  and  flat  and  is  fringed  by  dangerous  reefs.  Th(»  only  village*  on 
the  island  is  the  thriving  Indian  settlement  Metlakatla,  which  is 
unique  in  many  ways  and  owes  its  existence  and  present  prosperity 
entirely  to  Mr.  William  Dunttan,  whose*  active  life  has  all  been  ju-ac- 
tically  devoted  to  the  uplifting  and  education  of  this  tribe  of  Indians. 
The  results  he  has  attained  and  the  high  j)lane  of  civilization  to  which 
he  has  brought  these  untaught  Indians  are  most  creditable,  and,  as  an 
example  of  devotion  and  self-sacrifice,  his  work  will  (*ver  remain  an 
unparalleled  achievement  in  the  annals  of  the  [)ioneer  life  of  Alaska. 

By  act  of  Congress  Annette  Island  was  reserved  for  the  exclusive 
use  of  the  Indians  under  Mr.  Duncan.  At  the  time  when  this  act  was 
passed  little  was  known  of  the  mineral  resources  of  this  country, 
although  prospectors  had  already  located  claims  on  the  east  side  of 
this  island  and  developed  them  to  some  extent.  On  the  passage  of 
this  law  these  prospectors  were  banished  from  the  island  and  further 
prospecting  prohibited,  the  object  in  view  being  to  isolate  the  In- 
dians and  remove  them  from  the  influence  of  the  whites  as  much  as 
possible.  In  the  course  of  years  the  Indians  have  <hown  themselves 
independent  and  capable  to  cope  with  the  white  men  in  their  chosen 
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field  of  activity.  With  the  exception  of  Metlakatk,  the  island  is 
uninhabited  and  is  benefiting  neither  Indian  nor  white  man.  In 
his  report  on  this  district  Mr.  Brooks  "*  presented  a  broad  view  of  the 
cdse  and  suggested  that  the  eastern  mountainous  half  of  the  island 
be  opened  to  prospectors  and  mining  men,  to  whom  much  of  the  de- 
velopment of  this  region  is  due.  The  Indians  by  nature  do  not  take 
kindly  to  prospecting  and  mining  and  have  given  no  indication  that 
they  will  ever  use  in  any  way  the  eastern  half  of  the  island,  which 
has  little  or  no  value  from  an  agricultural  standpoint.  To  release 
the  land  a  special  act  of  Congress  will  be  necessary,  and  even  then  it 
is  not  certain  that  mineral  deposits  of  great  value  will  be  discovered. 
However,  abundant  evidence  of  mineralization  and  small  deposits  of 
high-grade  ore  were  observed  on  the  island  by  the  writers. 

The  geology  of  the  island  is  represented  in  a  general  way  on  the 
map  (PI.  II).  The  central  portion  is  composed  of  intrusive  granitic 
masses  and  is  surrounded  by  Paleozoic  limestones,  schists,  and  slates, 
and  along  the  eastern  shore  the  latter  are  overlain  by  greenstones 
with  interstratified  slate  beds.  Along  the  southeastern  shore,  both  in 
the  granite  and  the  schists,  are  vein  deposits  in  which  pyrite,  chal- 
copyrite,  and  some  galena  were  noted.  Many  of  these  were  located 
and  prospected  in  former  years.  Vein  deposits  and  ore  pockets  occur- 
ring in  a  limestone  belt  were  developed  to  considerable  extent  at  a 
point  2  miles  from  tide  water  on  the  south  side  of  a  lake  on  the  east 
side  of  the  island.  These  veins  are  small  and  of  no  great  extent, 
being  less  than  a  foot  in  width  and  less  than  100  feet  in  length.  Sev- 
eral of  these  deposits,  some  of  which  are  mere  pockets,  have  been 
exposed  by  open  cuts.  They  contain  much  tetrahedrite  and  some 
chalcopyrite,  and  are  said  to  carry  high  values  in  both  gold  and  silver. 
On  the  cast  side  of  this  lake  is  a  band  of  mineralized  schist  contain- 
ing chalcopvrite  and  pyrite,  which,  however,  has  not  been  developed 
»iul  is  said  to  carry  low  values  in  copjDer  and  gold. 

North  of  these  deposits,  about  a  mile  from  tide  water,  quartz  veins 
were  ol)scrvcd  in  the  schist  adjacent  to  the  granite  and  in  a  few 
instances  in  the  granite.  These  are  well  defined  on  the  surface  and 
vary  from  1  foot  to  4  feet  in  width.  They  contain  practically  no 
sulphide  niii>erals,'  and  are  said  to  carry  low  valnes  in  gold. 

Minin<r  developments  and  prospecting  have  been  at  a  standstill 
sinc<»  this  island  was  made  an  Indian  reservation,  and  the  al)ove 
|)r()sj)ects  and  deposits,  though  worthy  of  further  investigation,  have 
l)een  idle. 

DALL  ISLAND. 

(ivncral  (^(scription, — Dall  Island  is  an  irregular  mountainous  land 
strip,  about  40^  miles  in  length,  lying  southwest  of  Prince  of  Wales 
Island,  with  summits  averaging  from  1,500  to  8,000  feet  in  altitude. 

"  Bro«k8,  A.  H.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  1,  1902,  pp.  108-109. 
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It  is  made  up  essentially  of  schist,  limestone,  and  occasional  narrow 
l)elts  of  granite,  all  of  which  have  a  northwesterly  trend  and  traverse 
the  island  at  an  angle  to  its  principal  axis.  Prospecting  has  not 
been  vigorous  in  consequence  of  its  isolated  position,  and  its  ocean- 
ward  coast  is  known  to  only  a  few  of  the  more  persistent  gold  seekers. 

Dakoo  Harbor  prospects, — The  principal  prospects  on  Dall  Island 
are  located  at  the  south  end  at  Dakoo  Harbor,  2  miles  northeast  of 
Cape  Muzon,  on  the  Elk  and  Virginia  claims.  The  ore  bodies  are 
both  auriferous  quartz  veins  and  belts  of  schist  imj)regnaled  with 
gold-bearing  sulphides.  On  the  Elk  group,  which  is  situated  only  a 
short  distance  from  tide  water,  two  tunnels  have  been  driven  iiOO  and 
205  feet  in  length,  at  80  and  450  feet  elevation,  respectively.  The 
deposit  is  exposed  only  in  the  ui)per  timnel  and  by  several  oj)en  cuts. 
It  consists  of  a  belt  of  decomposed  schist,  and  across  a  width  of  50 
feet  or  more  this  is  reported  to  carry  sufficient  values  in  gold  to  make 
low-grade  ore.  The  Virginia  group  lies  northwest  of  the  ¥Ak  at  an 
altitude  of  300  feet,  1^  miles  from  tide  water.  Bands  of  mineralized 
schist  also  occur  on  this  property,  but  the  principal  ore  bodies  are 
quartz  veins  varying  from  narrow  stringers  to  veins  10  feet  in  width. 
They  are  exposed  by  two  shafts  less  than  :20  feet  in  depth  and  by 
short  tunnels  located  in  a  narrow  creek  canyon.  The  country  rock  is 
a  weatliereil  aniphilx>le  schist  interbedded  with  narrow  bands  of  crys- 
talline limestone.  The  gold  values  are  associated  with  pyrite,  chalco- 
pyrite,  and  galena,  and  are  said  to  be  higher  than  those  conlaincd  in 
the  Elk  lode. 

Mount  Vesta  prospects, — The  Mount  Vesta  grouj)  of  claims,  a  j)rop- 
erty  of  the  Alaska  Industrial  Company,  is  located  on  the  northeast- 
ern sloi)e  of  Mount  Vesta,  about  a  mile  from  Mount  Vesta  Harbor. 
The  mineral  occurs  in  small  seams  or  veinU^ts  a  few  inches  in  width 
and  separated  by  wide  areas  of  crystalline  limestone.  The  ore  is  of 
high  grade  and  comiX)sed  essentially  of  tetrahedrite  (gray  copper) 
and  chalcopyrite  with  galena  and  sphalerite.  The  mine  workings  are 
situated  between  000  and  SOO  feet  in  elevation,  and  consist  of  ()])cn 
cuts  and  a  tunnel  80  feet  in  length.  Many  other  j>rospects  have  been 
located  along  the  east  coast  of  Dall  Inland,  though  no  improvements 
of  importance  have  been  made  on  them. 

B\KER     1SLAM». 

Baker  Island  is  one  of  the  smaller  seaward  mountainous  land 
masses  off  the  west  coast  of  Prince  of  Wales  Island  and  north  of 
Dall  Island  (see  PI.  I).  Its  western  side  is  coni])obe(]  of  a  granite 
belt  intruding  argillaceous  schists,  which  lie  to  the  east,  striking  north- 
westerly and  dipping  northeast.  The  rock  ex])osures  around  the  east 
side  of  the  island  are  mainly  of  greenstone  lava  and  tulf  beds  with 
some  interstratiiied  argillites. 
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Adjacent  to  Port  Antonio,  in  the  central  portion  of  the  island, 
deposits  consisting  of  small  quartz  veinlets  in  the  granite  and  the 
adjacent  schists  have  been  located  and  prospected  to  some  extent. 

The  principal  prospect  is  located  on  the  north  side  of  the  bay  at 
about  300  feet  elevation.  Here  quartz  veinlets  earrying  eome  galma, 
sphalerite,  and  pyrite  inclosed  in  the  argillaceous  sdiists  have  been 
exposed  by  open  cuts,  and  the  ore  is  said  to  carry  high  values,  though 
the  amount  developed  is  small.  Near  the  entrance  to  San  Antonio 
Bay  several  parallel  quartz  veins  are  exposed  along  the  shore  in- 
closed in  the  granite  and  containing  small  amounts  of  pjrrite.  They 
have  not  been  developed,  and  the  values  ccmtained  are  said  to 
be  low. 

WOIWODSKI  ISLAHD. 

General  description. — ^Woewodski  Island  lies  between  the  south 
end  of  Wrangell  Narrows  and  the  entrace  to  Duncan  Canal  and  is 
separated  from  Kupreanof  Island  to  the  north  by  Beecher  Pass.  It 
is  a  relatively  low-lying  land  mass  from  3  to  4  miles  in  width  and  5| 
miles  in  length,  and  is  heavily  timbered  to  the  mountain  tops.  Qeo- 
logically  the  island  is  traversed  by  the  slate-greenstone  belt  striking 
northwest  and  intruded  by  diorite  batholiths  in  a  small  area  in  the 
noi*theast  section  of  the  island.  A  large  number  of  mining  claims 
are  located  along  both  the  east  and  west  shores  of  the  island  and  a 
large  amount  of  development  work  has  been  done,  though  none  of 
the  properties  have  reached  the  producing  stage.  The  ore  bodies 
are  principally  vein  deposits  containing  essentially  gold  values  and 
inclosed  in  the  slate  greenstone  countrj'^  rock. 

Ilaftie  grovp. — The  Hattie  group  of  claims,  the  property  of  the 
Olympic  Mining  Company,  is  situated  close  to  tide  water  on  the 
southwest  side  of  Woewodski  Island  (see  fig.  20).  The  claims  were 
first  located  in  1000,  and  in  1901  active  developments  began  and 
pr()<i:r(»ss(»(l  until  the  end  of  11)03.  In  1904  operations  were  suspended 
and  the  property  was  idle  until  the  sunnner  of  1907,  when  small 
(leM'lopiuents  were  again  in  progress.  The  surface  developments 
consist  of  a  wharf,  (connected  by  a  tramway  1,000  feet  long  with  the 
mine  workings,  and  various  mine  buildings. 

At  the  mine  a  liOO-foot  tunnel  has  been  driven  in  a  northeasterly 
direction,  and  at  a  point  00  feet  from  its  mouth  a  shaft  has  l>een  sunk 
\)\7}  feet  in  (le[)tli  from  the  tunnel  level,  and  from  this  shaft  two  levels 
have  been  extended  at  dei)ths  of  (>2  and  1*34  feet.  At  the  time  of  the 
writer's  visit  the  shaft  was  filled  with  water,  and  observations  were 
necessarily  confined  to  the  tunnel  and  surface  exposures  of  the  ore 
bodies. 

The  country  rock  is  essentially  an  altered  greenstone,  in  places 
schistose,  striking  northwest.  The  ore  bodies  are  vein  deposits  filling 
lissures  and  breccia  veins  along  i)lanes  of  brecciation  in  the  country 
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rock,  and  in  places  both  fissure  and  breccia  veins  occur  together. 
Several  deposits  of  this  cliaracter  have  been  exposed  in  the  mine 
workings  and  along  the  surface,  the  largest  being  the  Ilattie  vein, 
varying  fi'oni  5  to  20  feet  in  width,  and  traceable  for  s(»veral  hun- 
dred feet  in  length.  The  vein  has  a  noHheast  strike  and  dips  80° 
SE.,  but  in  places  it  stands  nearly  vei-tical.  As  a  whole  it  is  appar- 
ently of  too  low  grade  to  make  ore,  but  in  it  are  shoots  of  ore  piteh- 


Fio.  20.^-Sketch  map  of  Wu<>wo(lski   Island,  showing  positions  of  ininiTi^  claiin*^ 

ing  southwest  in  which  good  values  are  reported.  Fault  planes,  indi- 
cated by  gangue  seams,  were  observed  s(rikin<r  north  and  south, 
but  they  do  not  api)ear  to  have  displaced  tli<'  vein  to  any  extent.  The 
vein  material  is  princij)ally  (|uartz  surroundin<r  lar^e  masses  of  al- 
tered greenstone,  which  is  also  slightly  minrndized.  The  ore  niin- 
erals,  'which  constitute  from  1  to  3  ])er  cent  of  the  vein  iillin<r.  are 
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pyrite,  with  chaloopyrite,  galena,  and  some  sphalerite.  The  values 
contained  are  essentially  in  gold,  with  some  silver  and  copper. 

Helen  S.  group. — ^The  claims  belonging  to  the  Helen  S.  group  are 
situated  2^  miles  northwest  of  the  Hattie  group  on  the  northwest 
end  of  the  island.  The  claims  were  located  by  the  Olympic  Mining 
Company  in  1902,  and  active  developments  were  advanced  in  1903 
and  to  some  extent  in  1904.  In  1905  and  1906  the  property  was  idle, 
and  not  until  the  sununer  of  1907  was  it  reported  that  small  develop- 
ments had  again  begun.  A  20-stamp  mill  and  compressor  plant  have 
been  erected  on  the  property,  but,  except  a  small  run  for  test  purposes, 
this  machinery  has  remained  idle.  At  a  point  600  feet  from  tide 
water  a  shaft  100  feet  deep  has  been  sunk,  and  at  this  level  650 
feet  of  drifting  and  crosscutting  has  been  extended ;  400  feet  to  the 
north  a  second  shaft  has  been  started. 

The  country  rock  exposed  along  the  shore  and  up  the  creek  bottom 
is  principally  greenstone  schist  with  some  black  slate  bands  inter- 
stratified  striking  north  and  south  .with  a  dip  of  70°  E.  Open  cuts 
have  exposed  several  quartz  veins  and  stringers  interbedded  and 
branching  in  various  directions  along  jointing  planes.  At  40  feet 
elevation  a  quartz  vein  4  feet  wide  containing  galena,  sphalerite,  and 
pyrite  crosses  the  creek  and  is  parallel  to  the  schistosity  of  the  in- 
closing greenstone.  Just  above  this,  at  an  altitude  of  50  feet,  is  a 
2-foot  vein  striking  N.  85°  E.,  at  right  angles  to  the  former,  and 
dipping  80°  N.  It  has  been  developed  by  a  15-foot  shaft  and  open 
•cut.  The  veins  of  this  system,  though  usually  small,  are  reported 
to  contain  higher  values  than  those  that  parallel  the  structure  of  the 
inclosing  rocks.  The  principal  deposit  on  which  the  shaft  has  been 
sunk  and  the  drifts  extended  consists  of  a  mineralized  belt  of  schist 
striking  north  and  south  and  dipping  50°  E.  and  intersected  across 
a  width  of  5  to  15  feet  by  a  network  of  quartz  and  calcite  stringers, 
in  phices  liaving  a  banded  flinty  character.  This  has  been  traced 
several  hundred  feet  in  length,  and  the  included  rock  as  well  as  the 
stringers  contain  pyrite  with  some  galena  and  sphalerite  in  small 
masses  and  disseminated  particles  varying  from  2  to  4  per  cent  in 
amount.  The  gold  values  are  combined  principally  with  the  pyrite, 
and  the  tests  made  yielded  but  a  small  per  cent  of  free-milling  gold, 
most  of  the  values  being  contained  in  the  concentrates. 

Oeneral  deso^iption. — Woronkofski  Island  occupies  an  area  of 
about  i2r)  scjuare  miles  in  Stikine  Strait  and  lies  just  west  of  the  town 
of  Wrangell.  It  is  heavily  timbered  to  its  mountain  summits,  which 
reach  1,500  feet  in  altitude.  The  rock  exposures  around  its  northern 
and  eastern  shore  are  argilHtes  and  schists.  To  the  southwest  these 
are  intruded  by  a  wide  mass  of  granite,  which  occupies  the  western 
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portion   of  the   island.     The   ore   occurrence   on   this   island   is   of 
interest  because  the  deposits  are  included  in  the  granite  intrusiv(». 

Elephant  Nose  jn'Oapects, — The  principal  prospects  in  the  vicinity 
of  Elephant  Nose  are  the  Exchange  group  of  several  chiinis  located 
in  1000.  The  mine  workings  are  located  near  tide  water  in  a  cove 
just  west  of  Elephant  Nose.  Here  a  quartz  vein  12  to  15  feet  wide 
is  exjjosed  by  surface  cuts  and  is  undercut  25  feet  in  depth  by  a 
tunnel  45  feet  long.  This  vein  deposit  crosscuts  the  granite  striking 
north  and  south  and  dipping  30°  W.,  and  includes  snuill  masses  of 
the  granite.  The  minerals  contained  are  essentially  pyrite  and  the 
vein  is  said  to  carry  moderate  vahies  in  gold. 

8MEAT0>   «AY   PH()SPK(TK. 

The  prospects  near  Smeaton  Bay  are  hxrated  on  the  mainland  shoi'e 
2  miles  south  of  Roe  Point  in  Behm  Canal.  The  mineral  (lej)<)sits 
at  this  point  are  situated  within  the  metamorphosed  schist-gneiss 
l)elt  which  flanks  the  Coast  Range  granite  on  the  west  and  strikes 
ordinarily  parallel  to  the  shore  line  and  dips  at  stcH'p  angles  north- 
east or  southwest.  In  the  vicinity  of  this  chiini  calc-mica  schist  and 
quartz-mica  schist  predominate,  while  farther  north  typical  gneiss 
cxrcurs.  Dikes  and  bosses  of  granite  intrude  the  complex  at  many 
points  and  are  of  the  general  Coast  Range  type  of  granodiorite. 
Two  hundred  paces  south  of  the  tunnel  two  such  dikes  of  granodiorite 
10  and  20  feet  wide  invade  the  schists  and  may  In^ar  a  })()ssible  genetic 
relation  to  the  ore  l)ody.  The  on*  body  consists  of  a  mineralized  belt 
or  bands  of  calc-mica  schist  and  is  characterized  by  a  well-marked 
slipping  plane  with  gouge  above  its  foot  wall.  The  sulphide  ore 
consists  of  pyrite,  pyrrhotite,  and  chalcopyrite  and  is  said  to  carry 
low  values  in  gold  and  silver.  Quartz,  nniscovite,  and  calcit<» 
constitute  the  gangue  and  are  often  stained  biown  and  red  by  fci- 
ruginous  weathering  products.  Th(»  claim  is  well  located  in  r(»<pect 
to  timber  and  transportation,  and,  although  the  values  are  not  suffi- 
ciently high  to  warrant  predictions  of  future  production,  the  h»cation 
near  the  Coast  Range  contact  is  unicpie  foi*  this  region.  This  (le|)osit 
was  discovered  in  1808  and  has  thus  far  been  develoj)e(l  by  100  f(»et 
of  tunneling  and  crosscutting,  the  mouth  of  the  tunnel  being  located 
alx)ut  10  feet  alK)ve  th(^  high-tide  water  mark.  Only  the  annual 
assessment  work  has  been  done. 

rMK   RIVKK    PI10SPK4TS. 

Unuk  River,  one  of  the  few  huge  sti'eams  in  southeastern  Alaska, 
is  very  diflScult  to  navigate  even  in  a  small  boat.  It  rises  about  7}7) 
miles  from  the  head  of  BiuToughs  Hay,  in  Hehm  Canal,  and  travei'ses 
the  entire  granite  portion  of  the  eastern  Coast  Rangi*.  A  low  divide 
connects  its  head  with  a  branch  of  Iskut  Kiver  and  thus  serves  as  an 
east  entrance  way  into  the  intcM'ior  of  British  CoUuubiw.    'VW  \\wv>\ 
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25  or  30  miles  of  the  river  drain  the  schist-argillite  belt  lying  east  of 
the  Coast  Range  granite,  which  is  characterized  along  its  entire  extent 
from  British  Columbia  to  the  Skagway  district  by  good  silver  and 
gold  bearing  veins.  At  the  head  of  Portland  Canal,  on  several  of 
the  Stikino  River  tributaries,  especially  Clearwater  River,  in  the 
Atlin  district  and  still  farther  north,  this  belt  is  known  to  carry 
both  placer  deposits  and  quartz  ore  bodies.  It  has  long  been  known 
that  simihir  deposits  occur  in  the  Unuk  River  region,  and  recently 
a  company  began  the  construction  of  a  wagon  road  from  salt  water 
jilong  the  northwest  bank  of  Unuk  River  to  a  group  of  claims  42 
miles  inland  across  the  boimdary  in  British  Columbia  territory. 
Both  placer  and  quartz  claims  have  been  located  and  will  probably 
become  ore  producers  as  development  proceeds.     Now  that  access  to 


I'l.;    Jl       Skrirh  iiiMp  showlni;  injsltioiis  of  i)rosi)ects  on   I'nuk  Uiver  and  near  the  Inter- 
na (lt>nal  boundary  lino. 

llu'  it'iiioii  has  been  made  j)()ssible  by  the  road,  it  is  to  Ix*  expected 
lliat  tlmiui:  the  coinin*:  season  many  ])r()speet()rs  will  avail  themselves 
oi'  the  ()|)|)()rnmity  lo  visit  it  and  <rive  it  a  thorough  test.  This  field 
IS  not  (lexriluMl  in  tli^tnil,  because  its  mineralized  belt,  like  that  lying 
inhnitl  iVoni  tlic  head  of  Portland  Canal,  appears  to  be  entirely  on 
thi'  Canadian  side  of  the  boundary  (see  IM.  II  and  lig.  *J1)." 

SILVER.   LEAD.  AND  ZINC   MINES. 

(;k\kkvi.  i»Ks(Kn»Tn». 

l>eposits  o(  silver,  lead,  and  zinc  ores  are  not  plentiful  in  either 
till*  Kctthikan  or  tlu'  \\'ranirell  districts.  In  only  three  localities  are 
>nch   hcinir  tlcvclopi'd,  and   the  ore  proiluction   from  the>e  has  l)een 

ll//i./;r.   /•    /'.  I  nuk  K'j\  rr  tll^lrirt  :    Sunnuary  l{«'pl.  v  anadiaii  <;.-ol.  Survey  (for  li>Or>) 
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slight.  Silver  occurs  in  its  sulphide  form,  usually  associated  with 
galena,  and  many  specimens  assay  from  lO  to  20  ounces  per  ton  in 
silver.*  It  is  also  present  in  amounts  varying  from  one-fifth  ounce 
to  3  ounces  per  ton  in  the  copper  ores.  The  total  production  of 
silver  in  1906  from  thes^  ores  was  $18,000.  In  the  gold  ores  its  con- 
tent is  more  variable  and  is  dependent  upon  the  amount  of  gold  })res- 
ent,  the  ratio  l)eing  approximately  2  ounces  of  silver  to  1  ounce  of 
gold.  Lead  occurs  entirely  in  the  form  of  galena  and  has  been  mined 
in  small  quantities  from  the  properties  on  Conmation  Island  and  the 
Moonshine  property  in  Cholmondeley  Sound.  It  is  also  present  in 
the  gold  ores  and  rarely  in  the  copper  ores,  but  in  such  ores  the  load 
content  is  of  no  value.  Zinc  is  not  known  to  occur  in  this  region  in 
commercially  valuable  amounts,  and,  though  j)resent  to  th(»  amount  of 
i>  to  10  pt»r  cent  in  some  of  the  ores,  its  (content  is  in  most  easels  a  detri- 
ment as  it  rendei"s  smelter  treatment  more  difficult. 

KOVTH   ARX   OK    ni<)LMOM»ELKY    SOrM). 

MOONSHINK    (JKOl'l*. 

Situation  and  development, — This  property  includes  several  claims 
and  lies  west  of  the  South  Arm  of  Cholmondeley  Sound,  about  11 
miles  from  tide  water  on  the  crest  of  the  mountain  ridge,  at  an  eleva- 
tion l)etween  2,000  feet  and  2,400  feet  (see  fig.  10).  In  IDOO  tliese 
claims  were  located  as  the  Moonshine  group,  and  early  in  the  spring 
were  sold  to  the  Alaska  Galena  Ctmipany.  Devel()[)uients  w(»re  begun 
by  this  company  in  August,  lOOi),  and  in  \()veuii)er  were  suspended 
for  the  winter.  During  1907  operaticms  weie  in  progiess  from  May 
until  November. 

The  ore  body  has  been  developed  by  a  shaft  on  the  crest  of  iIk*  ridge 
100  feet  deep,  and  550  fe<»t  to  the  west  by  a  drift  tmuiel  200  feet  in 
length,  which  is  l)eing  driven  to  connect  with  the  shaft  at  a  point  225 
feet  below  the  surface.  liesides  the  mine  devel()])ineiit  considei-able 
work  has  been  expended  on  a  horse  trail  from  the  beach  to  the  mine,  a 
dis-tance  of  2  miles. 

Ore  body, — ^The  Moonshine  vein,  as  it  is  called,  occuj)ies  a  well- 
defined  fi.ssure,  cutting  obli(iuely  across  limestone  and  schist  coinitry 
rock  and  traversing  the  to})  of  the  mountain  ridge.  Wlierc  it  eross- 
cuts  the  limestone  it  is  api)anMitly  a  replacement  deposit,  varying 
from  a  few  inches  to  several  feet  in  width  and  carrying  considerable 
galena  associated  with  quartz,  siderite,  and  calcite,  though  where  the 
schist  foiTiis  the  inclosing  walls  the  vein  is  smaller  and  is  in  many 
places  represented  by  a  narrow  gouge  seam.  The  country  I'ock  strikes 
nearly  east  and  west  and  dips  north  at  steep  angles,  whereas  the 
vein  strikes  N.  65®  W.  and  has  a  vertical  dip.  In  this  vein  deposit 
the  mineral  ocelli's  irregularly,  the  ore  Inking  found  in  suuill  scattered 

«  S«»<»  p.  ss. 
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masses  or  bunches.    Besides  the  galena  a  small  amount  of  sphalerite 
and  chalcopyrite  is  present,  and  silver  values  amounting  to  many 
ounces  per  ton  occur  in  the  ore.     Very  little  surface  alteration  or 
secondary  enrichment  was  observed,  and  where  present  it  extends  bj^. 
a  few  feet  in  depth.    Diabase  dikes  from  1  foot  to  6  feet  in  widtj^ 
crosscut  both  the  country  rock  and  the  ore  body. 

GROU?iDHOG  A>D  GLACIER   BASINS. 

General  denci^ption. — These  groups  of  claims  are  located  on  the 
mainland  about  14  miles  due  west  of  Wrangell  and  are  reached  by 
trails  starting  from  Eastern  Passage  and  leading  around  Mill  Lake, 
which  occupies  a  basin  3  miles  long,  to  Groundhog  and  Glacier  basins, 
about  8  miles  from  tide  water  (see  PL  III  and  fig.  22).     The  ore 


r 


M'^iO* 


Fi<;.  L'L'.      Sk«'l(li   map  sliowlny:  location  of  (IrtMiiidhoi,'  Uasin  ami  (ilacitn-   Basin  prospt'ots. 

Ixxlics  occur  in  a  shite-schist  heU,  which  is  inchided  between  the  main 
Coast  Kaiiire  irraiiite  mass  and  an  outlying  ori-anile  ])elt  averaging  1  to 
o  miles  in  width  and  is  intrusive  approximately  ])arallel  to  the  bed- 
(lin<r  j)lancs  of  the  adjacent  rocks.  The  total  thickness  of  the  included 
slate-schist  belt  is  about  (kOOO  feet.  Its  N.  X^^  \\ .  course  is  indicated 
on  tile  ireneral  maj),  the  dij)  varvin<r  from  .'>()  to  <)()-  XE.,  into  the 
mountains.  The  entire  belt  is  considerably  mineralized  and  may  be 
recoirnized  by  its  red  color,  which  is  due  to  the  oxidation  of  the 
sulphide  minerals.  This  belt  is  |)enetrated  by  [)ai-allel  and  cross- 
cut tin<r  acidic  [)ori)hyry  and  ajditic  dikes,  alonir  which  the  ore  deposits 
ai-e  usually  found.  These  dikes  are  youn<rer  than  the  /.rranite  imd 
<Jdcj-  than  the  ba-^altic  dikc^s  that  occur  lieix'.     Near  the  Coast  Kamre 
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granite  contact  the  nietainorphism  of  the  schists  is  more  intonsollUui 
farther  west,  and  at  these  points  gneissoid  rocks  prevail.  The  dc^o^Vee 
of  mineralization,  however,  is  greater,  and  the  aplitic  and  i)orphyrv 
dikes  are  more  numerous  nearer  the  western  intrusive  granite.  The 
claims  which  have  been  located  in  this  belt  are  mostly  a])()ve  timber 
line  and  not  easily  accessible  at  present,  as  transportation  facilities 
are  lacking. 

Ghu'iev  Basin  group, — Glacier  Basin,  a  rock-rinuued  basin  pro- 
duced by  glacial  erosion  (fig.  ±2),  standing  2,100  feet  above  sea 
level,  is  reached  by  a  trail  7  miles  in  length  from  Mill  Lake.  At  the 
head  of  the  basin  Nelson  (ilacier  still  exists  as  evidence  of  the  formei* 
ice  sheet  and  is  slowly  retreating  u|)  tho  mountain  el  ill's.  The  claims 
of  this  group  are  located  on  the  north  side  of  the  basin  within  the 
.slate-schist  belt  and  have  l>een  (levelo})ed  chiefly  by  two  short  drift 
tunnels  and  surface  cuts.  The  rocks  are  practically  bare,  and  the 
veins  can  be  traced  directly  up  the  mountain  slopes  for  long  distances, 
varying  from  4  to  20  feet  in  width,  occurring  unusually  near  or  in  the 
intrusive  aplitic  or  porphyry  dikes.  The  veins  are  heavily  mineral- 
ized with  galena,  zinc  blende,  pyrite,  and  chalcopyrite.  The  values 
are  in  gold  and  silver  and  are  only  of  fair  avera<re.  The  transporta- 
tion difficulties  are  at  present  a  very  important  drawback  to  these 
claims  from  a  mining  standpoint. 

Georgia  group, — The  (i(M)r<ria  <rrou])  of  two  cljiinis  i>  located  o\\  the 
south  side  of  (ilacier  Hasin  on  a  vein  ])arallel  to  the  schistosity  of  the 
inclosing  rock  and  similar  in  character  to  the  (ilacier  r)asin  dejiosits 
though  not  so  large.  The  develo])ments  on  this  <rron|)  have  heen  very 
slight. 

Groundhog  Basin  group, — I'his  pro]:)erty  is  located  northwest  of 
Glacier  Basin  in  the  same  mineral  belt  and  is  reached  hy  trail  fi-om 
Mill  Lake  about  4  miles  in  lemrth  (see  tig  -j^).  The  actual  work- 
ings are  located  at  2,100  feet  elevation  on  the  north  side  of  a  stee]) 
gulch  tributary  to  the  main  valley,  at  which  ])()int  they  can  1)(^  ob- 
served at  the  contacts  of  the  intrusive  ])or|)hyry  dikes  in  the  slate- 
schist  belt.  Surface  oxidation  has  colored  the  veins  dai'k  red,  so  that 
they  are  visible  from  lon<i'  distances  and  can  be  (*asily  traced.  At 
the  Groundhog  Basin  ^roup  the  vein  is  (>  feet  and  more  in  width,  i)e- 
ing  heavily  mineralized  with  iralena,  zinc  i)len(le.  and  |)yrite.  It  has 
been  exploited  by  two  open  cuts  and  short  tunnels.  The  assay  \alues 
are  reported  to  be  of  only  fair  a\era^e.  Tlu*  [)ersistence  of  tiiese 
veins  along  the  strike  aigues  well  for  their  continuation  in  depth. 

Margery  gro}( p.—  ' V\w  Abugcry  <i:rou|)  is  locatinl  at  an  elevation  of 
1,500  feet  on  the  west  sIojh'  of  the  mountain  s])ur  which  se[)arates 
Glacier  Basin  and  (froundhog  Hasin  valleys  and  is  more  favorably 
situated  for  mining  thnn  most  of  the  pro[)erties  in  this  area  (see 
fig.  22).     At  one  ])oint  is  a  lode  deposit  consisting  of  c^uaulz  s(vlu«;Q^v«r 
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1  foot  to  5  feet  wide  following  a  definite  zone  parallel  to  the  inclosing 
schist  and  near  the  contact  of  a  large  intrusive  granite  mass.  Several 
open  cuts  and  short  tunnels  expose  this  lode  along  its  strike.  To  the 
northeast  of  this  on  the  same  claim  is  an  open  cut  exposing  a  12-foot 
vein  rich  in  galena  and  similar  in  character  to  the  other  veins  in  this 
area.  Mineralization  is  usually  heavy,  especially  in  galena,  besides 
which  sphalerite,  chalcopyrite,  native  silver,  cerusite,  and  linionite 
occur  in  varying  amounts.  The  values  are  reported  good,  especially 
in  silver. 

CORONATION  ISLAND  PROSPECTS. 

General  (h,scrlption. — Coronation  Island,  which  includes  an  area 
of  30  sipiare  miles,  is  one  of  the  seaward  islands  which  lies  at  the  en- 
trance to  Sumner  Strait  35  miles  southwest  of  Shakan.  Geograph- 
ically it  is  made  up  of  Paleozoic  limestone  and  schist,  which  are  in- 
truded by  a  granite  mass  (see  PI.  I).  Discoveries  of  galena  (m  this 
island  were  made  in  1900  by  sailors  who  wercT driven  into  Egg  Har- 
bor, on  the  northwest  end,  by  a  storm.  These  men  found  galena 
float  on  the  west  shore  of  the  harbor  and  at  points  from  700  to  1,000 
feet  elevation  deposits  of  the  ore  in  place.  They  prospected  these  to 
some  extent  and  in  1902  the  Coronation  Island  Mining  Company  w^as 
formed,  which  has  continued  operations  in  a  small  w^ay  since  that 
time.  Three  tunnels  have  been  driven  on  three  separate  ore  bodies: 
No.  1  at  080  feet  elevation  and  162  feet  long;  Xo.  2  at  860  feet  eleva- 
tion and  510  feet  in  length:  No.  3  at  700  feet  elevation  and  110  feet 
long.  Over  100  tons  of  the  ore  have  been  mined,  sacked,  and  shipped 
to  the  smelter  from  this  locality. 

Ore  bodies. — The  ore  deposits  are  narrow,  irregular  masses  of 
galena  ore  in  a  limestone  country  rock,  and  few  exceed  20  feet  in 
their  greatest  dimension,  but  at  the  lowest  tunnel  an  irregular  vein 
(]ej)()sit  containing  small  pockets  of  galena  ore  is  exposed.  At  tunnel 
No.  1  tlie  oi'c  body,  which  is  exjiosed  at  the  (»ntranc(\  is  8  feet 
\\\(\(\  8  iVet  l)y  12  feet  in  length,  and  a])()ut  18  feet  in  depth,  the  con- 
tinuation of  the  tunnel  exposing  practically  no  ore.  No.  2  tunnel 
\Vi\^  been  (l^i^('n  along  slip|)ing  ])lanes  in  the  limestone  having  a  gen- 
eral X.  so  A\'.  strike  with  nearly  vertical  dip.  At  a  point  29r)  feet 
from  its  uioutli  there  is  a  short  crosscut  to  the  north,  from  which  a 
10-f()()t  raise  lias  been  (wtended  along  a  galena  Ixxly  '^  feet  wide  by 
IT)  feet  in  length  and  (lej)th,  foUowing  along  one  of  the  slipping 
])lanes.  Just  beyond  this  point  a  scx-ond  crosscut  has  l)e(Mi  driven, 
in  which  an  altered  dia])ase  dike  5  feet  in  wi(hh  was  observed  follow- 
ing th(^  same  trend  of  the  slipping  planes,  but  having  no  apparent 
coiniection  with  the  ore  deposits.  The  ore  IxkIv  shown  in  the  lowest 
v>v  No.  ?>  tunnel  varies  from  1  foot  to  4  fci^t  in  width  and  has  been 
followed  for  100  feet  in  length.     Here  the  hanging  ^^all  is  well  de- 
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fined  by  a  slipping  plane,  but  the  fool  wall  often  merges  into  the 
limestone  country  rock  and  is  but  poorly  defined.  The  ore  occurs 
in  small  scattered  pockets,  the  largest  having  been  opened  by  a  raise 
GO  feet  from  the  tunnel  entrance.  Besides  galena  the  sulphides, 
tetrahedrite  and  sphalerite  are  present  in  the  ores,  and  near  the 
surface  limonite,  cerusite,  and  smithsonite  were  noted. 

BUIJLDIXG  ST0NP:S. 

GENERAL  STATEMENT. 

The  recent  developments  and  increasing  productiou  from  marble 
(juarries  on  Prince  of  Wales  Island  have  shown  that  building  stone 
is  an  important  resource  of  this  region.  Other  structural  materials, 
such  as  granite,  gypsum,  cement,  and  clay  (lei)osits,  arc  also  widely 
distributed  along  this  coast.  Little  consideration  has  been  given  to 
these  nonmetallic  products  of  this  Territory,  and  the  increasing  use 
of  such  materials  in  the  United  States  demands  a  more  thorough  in- 
vestigation of  these  resources.  Though  distant  from  the  market, 
many  large  deposits  of  structural  nuiterial  are  well  located  for 
quarrying  and  for  transportation  by  water. 

The  only  stones  of  value  in  southeastern  Alaska,  so  far  as  known, 
are  the  marbles  and  granites.  The  market  for  these  stones  is  in  the 
cities  along  the  Pacific  coast  of  the  United  States,  i')00  to  1,000  miles 
distant.  They  must,  therefore,  be  of  more  than  ordinary  quality 
to  bear  the  expense  of  freight,  as  good  stone  is  found  in  the  vicintiy 
of  most  large  cities,  and  builders,  as  a  rule,  prefer  to  use  a  known 
rock  which  is  near  at  hand  and  can  be  readily  obtaincMl. 

To  place  the  Alaskan  product  on  the  nuu-ket,  it  will  be  necessary 
to  establish  supply  stations,  with  dressing  and  cutting  plants,  in  the 
larger  seaboard  cities,  where  cheaj)er  and  more  cfticient  lal)()r  may  be 
obtained  than  in  Alaska.  To  supply  these  i^oints,  tlie  rough  granite 
and  marble  could  be  transported  in  hulks  or  ])arges  carrying  several 
thousand  tons  at  a  low  freight  rate,  and  the  necessity  of  careful 
handling  during  the  shi])ment  would  be  avoided. 

To  determine  the  structural  value  of  a  building  stone,  microscopical, 
chemical,  and  physical  tests  should  be  nnule.  This  is  mon*  necessary 
for  marbles  and  cement  stone  than  for  granite.  Most  university 
laboratories  are  equipped  for  such  tests  and  will  make  them  at  a 
reasonable  cost. 

MARBLE. 
DISTRUUTION. 

Beds  of  marble  are  known  to  occur  at  points  along  the  mainland 
portion  of  the  Ketchikan  and  Wrangell  districts  as  well  as  on  uuiny 
of  the  islands.     Thev  are  invariablv  at  or  near  the  contact  of  ai\  iiv- 
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trusive  belt  of  granodiorite,  which  has  been  one  of  the  principal 
factors  in  metamorphosing  the  original  limestone  beds  to  their  present 
crystalline  or  marbleized  condition.  The  age  of  the  limestone  beds 
is  Paleozoic,  and  only  in  a  few  places  could  a  more  definite  determina- 
tion be  made.  The  largest  deposits  of  marble  under  development 
are  at  the  northwest  end  of  Prince  of  Wales  Island  near  Shakan  and 
on  Ham  Island  south  of  Wrangell. 

NECESSARY    QUALITIES. 

Commercially  marble  includes  all  limestone  rocks  susceptible  of 
receiving  a  good  polish  and  suitable  for  ornamental  work.  It  is  not 
a  simple  matter  to  judge  the  value  of  a  marble  deposit,  and  this  can 
not  be  done  from  mere  tests  of  small  samples,  which,  nevertheless, 
may  often  give  significant  results.  Some  of  the  more  important 
factors  governing  the  value  of  a  body  of  marble  are  the  quality  and 
soundness  of  the  stone  as  a  whole,  extent  of  the  deposit,  absence  of 
fractures  or  joint  planes,  color,  lack  of  objectionable  impurities,  such 
as  silica,  pyrite,  a;id  bitumen,  facility  of  extraction,  and  location  of 
the  deposit  relative  to  the  market  and  transportation. 

COMPETITIVE  DISTRICTS. 

Most  of  the  marble  used  in  the  western  cities  for  monumental  and 
interior  decorative  purposes  is  furnished  by  eastern  dealers  and  must 
be  shipped  across  the  continent.  This  is  mainly  the  product  of  the 
Vermont  nnd  Tennessee  quarries  or  is  imported  from  Italy.  Stevens 
County  is  tlie  only  producing  locality  in  the  State  of  Washington; 
there  are  none  in  Oregon,  and  but  two  of  importance,  the  Inyo  and 
Columbia  quarries,  in  California.  The  total  value  of  the  marble  pro- 
duction for  190.')  from  these  localities  was  less  than  $150,000.  This 
pr()(hi(t  is  sohl  in  a  rough  state  at  $1  to  $2  per  cubic  foot,  and  dressed 
for  ornuuicnral  or  monumental  purposes  at  $'J  to  $8  ])er  cubic  foot. 
Cut  in  shibs  1  inch  to  2  inches  thick  and  ])()lishcd  on  one  side,  the 
retail  |)ricc  varied  from  $0.50  to  $1.50  per  square  foot.  The  eastern 
and  foreign  marbles  sold  for  higher  ])rices. 

l)i:S(  KIPTION    OK    L(K  AUriKS    (»I"    ( K  (  I  HKKN  (  K. 
I'KIXtK    OK    ^\ALKS    ISI,AM». 

ALASKA     MAKIU.F.    (O.MPAXV. 

Sitiirifim)  and  dcrclopmoU. — The  properties  of  the  Alaska  Marble 
(\)ni{)any  are  >ituat(Ml  on  Marble  Creek  a  few  miles  north  of  Shakan, 
bordering  the  coa^l  foi"  *J  miles  in  length  and  over  half  a  mile  in 
width  (see  tig.  '23).    They  are  located  upon  a  belt  of  Devonian  lime- 


MARBLE. 


193 


stone  about  3,000  feet  in  width  flanking  the  west  side  of  an  intrusive 
granite  mass,  which  forms  the  low  mountain  ridge  to  the  east  and 
which  is  evidently  the  direct  cause  of  the  aUeration  of  the  limestone 
to  marble.  This  deposit  was  first  discovered  in  181)(>  and  finally 
located  in  1905,  the  first  work  being  done  along  the  exposures  in  the 
creek  bed  one-half  mile  from  the  shore.  From  IDOO  to  lt)04  pros])ect- 
ing  was  extended  up  the  hillsides  and  drill  holes  sunk  to  ascertain  the 
quality  of  the  product  in  depth.  Early  in  1904:  the  Alaska  Marble 
Company  was  incorporated  and  developments  on  a  large  scale  were 


Fig.  23. — Sketch  map  showing  marble  (lunrry  and  locations  of  Alaska  Marble  Company. 

inojTiediately  begim.  At  present  the  plant  consists  of  a  wharf 
equipped  with  derricks,  a  gravity  raih-oad  to  the  (juarry  3,200  feet  in 
length,  necessary  channeling  and  gadding  machines,  and  various 
buildings.  At  the  quarry,  located  on  the  sontli  side  of  Marble  Creek 
at  an  elevation  of  100  feet,  an  area  100  feet  by  200  feet  has  been 
stripped  and  quarried  to  an  average  depth  of  00  feet  measured  on  the 
mountain  side  (PI.  XII,  ^1).  A  test  shipment  of  100  tons  was  made 
in  1902,  but  actual  production  did  not  begin  until  early  in  1900.    The 
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marble  is  now  being  placed  on  the  market  in  the  cities  along  the  Pa- 
cific coast.  The  manufacturing  i^lant  of  the  company  is  located  at 
Tacoma,  Wash. 

The  fnarhle  deposit, — The  extent  of  the  marble  dei)osit  at  this  local- 
ity has  l)een  investigated  at  a  number  of  points  on  the  surface  by  open 
cuts  and  trenches  and  in  depth  by  18  drill  holes  and  at  all  of  these 
places  marble  usually  of  good  quality  is  exposed.  As  above  noted, 
the  marble  belt  is  aj^proximately  3,000  feet  in  width  striking  in  a 
northwesterly  direction  and  dipping  to  the  southwest.  It  is  limited 
on  the  northeast  by  an  intrusive  granite  mass  and  on  the  southwest 
by  the  shore  line.  To  the  south  it  crosses  the  entrance  to  Dry  Pass, 
but  just  back  of  Shakan  it  is  cut  off  by  a  granite  mass,  while  to  the 
northwest  it  extends  into  the  channel  and  reappears  at  the  entrance 
to  Calder  Bay,  extending  northward  and  overlying  beds  of  con- 
glomerate. Along  the  shore  exposures  and  at  the  quarry  small  dikes 
of  diabase,  striking  northeasterly  and  much  altered  and  faulted,  were 
observed  intersecting  the  marble  beds.  Apparently  these  dikes  ante- 
date the  metamorphism  of  the  limestone  and  therefore  the  intrusion 
of  the  granite.  They  are,  however,  but  a  foot  or  two  in  width  and 
not  sufficiently  numerous  to  affect  the  value  or  expense  of  quarrying 
the  marble.  In  the  present  opening  at  the  quarry  only  one  dike  is 
exposed.  Both  surface  cracks  and  slipping  planes  are  present  in  the 
surfaci^  exi)()sures  of  the  marble,  but  in  depth  these  are  less  numerous 
and  will  not  materially  interfere  with  quarrying  (see  PI.  XII,  B). 

Three  distinct  varieties  of  marble  are  found — jjure  white,  blue- 
veined  with  white  background,  and  light  blue,  often  having  a  mottled 
appearance.  The  pure  white,  which  has  a  finely  crystalline  texture, 
is  the  most  valuable.  All  of  the  marble  is  free  from  silica  and  flint 
beds  common  in  most  quarries,  and  though  thin  seams  of  pyrite  w^ere 
observed  tliov  do  not  occur  in  a  (luantity  detrimental  to  the  stone. 
The  follow  in<:-  chenncal  analysis  of  the  white  marble  was  made  by 
K.  V.  Las>  for  the  Alaska  ^larble  Company: 

(luniirdl  ^iii'th/sis  (,f  irJiitf    innrhh   from    Mnrblr  rrcck.  Prince  of  Wales  Island, 

Md.shn. 

Iiisoliil»lo    iiiMttor  _  0 

Oxide  of  iron    (FcO. )_    .        Slight  trace. 

Siilj>lmri('  anhydrid*'    (SOj                               .    ^  Trace. 

Lime    (CaO)   .               .                _          .  _  .V).  HO 

Ma^riiesia    (M^M))  _        __    .  .80 

Carln.n   dioxide   (CO,)                                 _„  ^^                    __  4.*J.  07 

rndeterniiiied                   ..    .    ._  .44 

'I'otai    _    .„  _      .    100.00 

Caicinni   carlMmate    (('a('(V;) 1)0.20 
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A  (]ualitative  test  for  magnesia  in  a  saniiile  collected  by  the  writers 
was  made  by  Dr.  George  Steiger.  of  the  United  States  Geological 
Survey,  who  reports  a  content  of  less  than  1  \wv  cent. 

To  determine  the  crushing  strength  of  the  stone  the  Alaska  Marble 
Company  submitted  samples  to  X.  IT.  Winchell,  State  geologist  of 
Minnesota,  who  reports  an  average  strength  of  10,521  pounds  i)er 
square  inch,  a  strength  ample  for  all  building  puri)()st»s.  Though 
not  equal  to  the  best  Italian  grades,  this  niail)le  is  better  than  most 
xVmerican  marbles,  and  in  the  market  will  conij)ete  on  at  least  equal 
terms  with  the  product  of  Vermont,  Georgia,  and  Tennessee. 

Method  of  quarrying, — At  the  quarry  it  was  first  necessary  to 
remove  the  uppermost  layers  of  the  more  or  less  fractured  marble. 
TTiis  was  done  by  channeling  machines,  a  method  whicli  is  i)referal)le 
to  blasting,  as  it  does  not  injure  the  massive  rock  in  depth.  The 
machine  used  is  mounted  with  "  donkey  "*  engine  on  a  tru(*k  and  cuts 
a  channel  2  inches  in  width  at  a  rate  of  7  to  8  scjuare  feet  per  hour. 
These  channels  are  extended  to  a  depth  of  4  feet  and  are  made  at 
intervals  of  4  or  6  feet  in  (me  direction  and  at  intervals  of  0  feet  at 
right  angles  so  as  to  form  blocks  4  to  0  feet  by  G  feet  in  surface  area 
and  4  feet  in  depth.  These  blocks  are  undercut  by  gadding  machines, 
in  which  a  drill  is  set  so  as  to  drill  a  series  of  holes  under  the  l)lo(k, 
and  in  these  holes  wedges  are  driven  and  the  block  is  freed  from  its 
base.  It  is  then  lifted  by  a  derrick  to  the  car  on  which  it  is  carried  to 
the  wharf.  The  blocks  contain  from  JH>  to  144  cubic  feet  of  marble 
and  weigh  from  7i  to  11  tons  each,  the  dimensions  depending  on  the 
handling  capacity  of  the  nuichinery  (IM.  XIT,  .1).  The  hirger  j^art 
of  the  marble  product  is  shipped  in  the  rough  state  to  a  sawing  and 
polishing  plant  at  Tacoma.  where  it  is  j>re])ai'e(l  for  the  market. 
Small  shipments  have  also  been  made  to  Chicago.  Milwaukee,  St. 
LouLS,  Cincinnati,  and  other  ])oints  for  (rial  tests. 

EL   CAPITAN    MARHLK     COMPANY. 

The  property  of  the  El  Capitan  Marble  Company  is  situated  on  the 
eastern  side  of  a  low  mountain  range  5  mih^s  due  east  of  tlic*  Ahiska 
Marble  Company's  quarry  and  on  the  north  >ide  ot*  Dry  Pass,  Thes*' 
locations,  including  ten  claims,  were  first  made*  in  1!>()1  and  were  sold 
to  the  El  Capitan  Marble  Company  in  11)0:'>.  Excei)t  for  a  small 
amount  of  assessment  work,  operations  were  not  begun  until  April, 
1904.  During  that  year  a  quarry  consisting  of  a  jnt  1-J  feet  deep  was 
opened  on  a  marble  deposit  close  to  tide  water,  a  channeling  and  gad- 
ding machine  was  installed,  and  a  cutting  })lant  operated  by  steam 
power  was  erected.  Some  nuu'l)le  was  ([uarried  and  shipped  to 
Seattle  at  the  close  of  the  year.  l)ut  since  that  time  operations  have 
been  suspended. 
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The  marble  deposit  flanks  the  eastern  side  of  the  granite  mass  rep- 
resented on  the  geologic  map,  and  from  its  relative  position  and  gen- 
eral character  is  similar  to  the  Marble  Creek  deposit  fiurther  west 
The  marble  belt  is  exposed  at  tide  water  and  forms  hi^  bloffis  at 
200  to  400  feet  elevation  one-fourth  mile  back  from  the  shore.  In 
these  bluffs  it  has  been  prospected  by  trenches  and  open  cuts.  Several 
diabase  dikes  crosscut  the  marble  beds.  The  dikes  are  faulted  and 
show  in  many  places  several  feet  of  displacement,  thou^  this 
faulting  as  well  as  the  intrusion  of  the  dikes  probably  occurred  pre- 
vious to  the  metamorphism  of  tiiie  original  limestone  beds,  as  no  trace 
of  the  fault  planes  could  be  seen,  and  the  dikes  themselves  were  much 
altered  and  sheared.  The  marble  as  exposed  in  the  quany  is  not 
of  so  good  quality  as  that  from  the  Marble  Creek  property,  beiog  less 
firm  and  more  coarsely  crystalline.  Surface  cracks  and  fracture 
planes  are  present  in  the  surface  exposures,  but  in  the  bottcMn  of  the 
pit  these  features  are  less  ^pronounced. 

MAB8LB  ISLAND. 

Marble  Island,  a  low  wooded  area  of  9  square  miles,  is  one  of  the 
larger  islands  in.  Davidson  Inlet  and  lies  10  miles  due  south  of  Sha- 
kan,  though  by  water  it  is  nearly  30  miles  distant.  On  the  northwest 
side  of  this  island  marble  was  first  discovered  in  1899,  and  in  1908 
a  number  of  claims  were  located  over  this  portion  of  the  island  and 
a  small  amount  of  stripping  was  done.  Samples  of  this  marble  were 
quarried  for  test  purposes  and  several  varieties  of  good  quality 
obtained.  The  total  developments  have  not  exceeded  the  assessment 
requirements. 

The  marble  deposit  is  exposed  in  a  cove  on  the  northwest  side  of 
the  island,  and  at  100  feet  elevation,  a  half  mile  from  the  shore,  it 
has  been  worked  by  an  open  cut.  A  considerable  area  is  underlain 
by  marble,  though  little  is  known  of  its  extent  or  value.  Along  the 
eastern  shore  of  the  island  an  area  of  granitic  intrusive  rock  was 
noted. 

AMERICAN    CORAL    MARBLE    COMPANY. 

General  description, — The  properties  of  the  American  Coral  Marble 
Company  are  located  at  two  localities — (1)  at  the  head  of  North  Arm, 
where  twelve  claims  have  been  located  along  the  north  shore  of  the 
Inlet,  and  (2)  at  the  north  entrance  to  Johnson  Inlet,  where  the  com- 
pany has  several  claims  extending  from  Dolomi  eastward  to  Clarence 
Strait  (see  PI.  I).  The  principal  developments  have  been  made  at 
the  North  Arm  property,  and  at  this  point  a  post-office  named  Bald- 
win has  been  established.  Active  work  at  this  locality  began  in  1904, 
and  the  marble  deposits  were  prospected  during  that  year.  In  1905 
a  wharf  was  built,  machinery  installed,  and  buildings  erected  pre- 
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paratory  to  quarrying  the  marble.  During  1J)00,  however,  practi- 
cally no  work  was  clone,  and  all  of  the  machinery  was  removed  iji 
1907.  At  the  Dolomi  proi)erty  a  small  quarry  was  started  on  the 
hillside,  at  a  point  a  quarter  of  a  mile  northeast  of  Dolomi  post- 
office  and  a  few  hundred  feet  from  tide  water  on  the  Clarence  Strait 
side,  and  buildings  were  erected.  No  operations  were  in  i)rogress  at 
these  localities  during  1907. 

Marble  deposits, — The  deposits  at  North  Arm  and  at  Dolomi  con- 
sist of  marble  beds  interstratified  with  chloritic  and  calcareous  schists, 
striking  northwest  with  steep  dips  usually  southwest.  The  surround- 
ing area  is  mantled  by  a  dense  gi-owth  of  vegetation,  and  the  limits 
of  the  deposits  have  not  lx»en  definitely  determined,  though  where 
the  marble  is  exposed  it  is  much  fractured,  variable  in  color  and  com- 
position, and  intersected  by  a  few  nairow  dikes  of  diabase.  The 
fracture  planes  were  probably  formed  ])rincipa]ly  during  the  period 
of  tilting  and  folding  of  the  l)eds  and  existed  befoi-e  erosion  exposed 
the  present  surface  outcrops.  SLnce  that  time  weathering  has  accen- 
tuated and  to  some  extent  increased  the  number  of  fracture  planes, 
and  it  seems  probable,  however,  that  in  de})th  these  i)lanes,  although 
potentially  present  as  lines  of  weakness,  will  become  less  numerous 
and  will  not  interfere  gi*eatly  in  (piarrying. 

Although  some  parts  of  the  deposits  consist  of  pure  white,  fine- 
grained marble  of  excellent  (juality,  other  parts  are  poorly  colored, 
coarse-grained,  and  of  little  commercial  value,  and  it  will  probably 
l)e  difficult  to  obtain  large  quantities  of  uniform  grade.  The  In^tter 
grade  is  reported  to  give  the  folknving  analysis:  Calcium  carbonate, 
94  per  cent;  alumina,  3.1)  per  cent:  silica.  1.4  per  cent :  magnesia,  0.7 
per  cent.  Pyrite  is  also  ])resent  in  small  amounts,  occurring  in  thin 
!-€anis  and  finely  disseminated  in  some  of  the  marble. 

KKvnj.A(n(JKno  island. 

A  well-defined  limestone  belt  travers<'s  the  eastern  portion  of  Ke- 
villagigedo  Island  in  a  northwesterly  direction  and  is  exi)os(.Ml  in 
Thorne  Arm,  Carroll  Inlet,  and  (leorge  Inlet  (see  PI.  II).  Its 
widest  development  is  on  the  north  side  of  (Jeorge  Inlet,  near  the 
head,  where  marble  claims  known  as  the  Hawden  gi'oup  were  located 
in  1904.  The  deposit  is  included  in  the  crystalline  schist  near  the 
contact  with  the  less-altered  slates  to  the  southwest.  The  marble 
beds  range  from  10  to  20  feet  in  width  and  are  separated  by  strata 
of  calcareous  schist.  Their  strike  is  northwest  and  their  dip  northeast. 
The  marble  is  exposed  in  cliffs  near  tide  water  and  is  of  good  ([uality, 
being  relatively  free  from  fracture  an<l  joint  cracks,  finely  <'rystalline, 
and  from  white  to  gray  in  color.  Xo  large  developmeiUs  have  been 
started  on  this  property. 
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The  prices  do  not  include  the  cost  of  transportation  from  the  quar- 
ries to  the  cities,  which  is  from  $0.50  to  $3  per  ton.  This  adds  from 
5  to  30  cents  to  the  cost  per  cubic  foot. 

CEMENT. 

There  are  several  kinds  of  cement,  the  principal  kinds  being  Port- 
land cement  and  natural  cement.  Portland  cement  is  produced  by 
burning  a  finely  ground  artificial  mixture  containing  essentially  lime, 
silica,  and  alumina  in  certain  definite  proportions.  Usually  this 
combination  is  made  by  mixing  limestone  or  marl  with  clay  or  shale, 
and  in  such  a  mixture  should  contain  about  three  parts  of  the  carbon- 
ate to  one  part  of  clayey  material.  Natural  cement  is  the  product  of  an 
impure  limestone  containing  from  15  to  40  per  cent  of  silica,  alumina, 
and  iron  oxide.  Calcareous  and  argillaceous  rocks  suitable  for  ce- 
ment making  are  relatively  scarce  in  the  Ketchikan  and  Wrangell 
districts.  They  are  metamorphosed,  usually  containing  mica  and 
some  pyrite,  and  are  not  sufficiently  fine  grained  to  be  of  value.  At 
only  one  locality — Long  Island  in  Kasaan  Bay — have  rocks  of  this 
sort  been  located  for  the  manufacture  of  cement.  Here  beds  of  lime- 
stone and  siliceous  shale  are  exposed  around  the  shores  of  the  island 
and  are  apparently  of  a  quality  suitable  to  make  cement.  The  dispo- 
sition  of  this  product  will,  however,  be  confined  to  the  local  market, 
as  it  can  not  now  be  profitably  shipped  to  compete  with  the  cement 
manufactured  along  the  Pacific  coast.  The  reason  for  this,  in  the 
first  place,  is  the  high  cost  of  the  fuel  necessary  for  its  manufacture. 
The  difficulty  in  obtaining  efficient  and  cheap  labor,  as  compared  with 
the  labor  of  the  Puget  Sound  area  and  California,  nmst  also  be  con- 
sidered. The  long  haul  necessary  to  reach  the  market  is  unfavorable 
to  such  an  inchistrv.  To  ship  the  cement  rock  as  mined  to  a  cement 
factory  established  soinewliere  near  tlie  point  of  coal  supply  and  near 
the  market  would  l)e  the  most  feasible  plan,  but  this  would  bring 
little  or  no  ])rofit.  as  vast  areas  of  cement  rock  are  exposed  near  all 
the  lai'^'cr  cities  and  can  suj)ply  the  cement  ]>lants  ahmg  the  coast. 
for  many  years  to  come. 

MINKHAT.   AXI)   TIIKRMAI.   SP1?IN(;S. 

(\:>ld  mineral  springs  have  been  found  at  (1)  St.  John  Harbor. 
on  Zarenibo  Island,  (*i)  at  sevei'al  ])oints  near  Eddystone  Rock,  in 
Behin  Canal,  and    (8)   up  I^nuk  River. 

At  Zarembo  Springs  the  water  contains  considerable  carbon  diox- 
ide with  various  mineriil  salts,  which  lend  to  it  an  agieeable  flavor. 
The  ])oint  of  outflow,  which  is  covered  at  high  tide,  has  been  incased 
and  a  small  wharf  built  over  it.     The  water  forces  itself  up  through 
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a  pipe,  from  which  demijohns  and  barrels  are  filled  and  shipped 
to  Seattle,  where  bottling  works  have  been  estal)lished. 

In  Behm  Canal  the  principal  spring  is  situated  on  the  east  side 
of  Revillagigedo  Island,  opposite  Eddystone  Rock.  The  waters 
emerge  from  fracture  cracks  in  a  banded  schist  complex  cut  by  peg- 
matite dikes.  The  flow  at  this  point  is  greater  than  at  Zarcmbo 
Springs.  Carbon  dioxide  and  a  small  percentage  of  sulphuretod 
hydrogen  are  present  in  the  water,  the  latter  giving  it  a  disagreeable 
odor.  Small  shipments  have  been  made  from  the.se  springs  for  the 
local  trade. 

On  the  north  bank  of  Unuk  River,  about  20  miles  from  the  mouth 
and  2^  miles  below  the  international  boundary,  a  strongly  carbon- 
ated spring  flows  from  a  fissure  in  the  granite.  Its  temperature  is 
7°  C.  (44°  F.)  and  the  daily  discharge  about  1,000  gallons.  With 
good  transportation  facilities  this  spring  should  prove  valuable. 

Thermal  springs  occur  at  several  points  in  southeastern  Alaska 
and  have  been  found  by  experience  to  possess  medicinal  properties 
of  great  value  to  sufferers  from  rheumatism  and  other  ills  resulting 
from  exposure.  The  Indians  were  the  first  to  ai)preciate  the  healing 
I)Ower  of  the  springs  and  made  use  of  them  long  before  the  invasion 
of  the  white  men.  Of  late  years  cabins  and  bath  houses  have  been 
built  at  several  of  the  springs  for  the  accommodation  of  visitors. 
Southeastern  Alaska,  however,  is  not  an  ideal  summer  resort,  owing 
to  the  excessive  rain,  and  the  springs  can  not  be  so  valuable  commer- 
cially as  those  in  more  favored  districts. 

The  springs  occur  without  excei)tion  within  intrusive  gi-anite  belts 
and  issue  from  fracture  i:)lanes.  In  tenii)erature  they  range  from  ()5° 
C.  (150°  F.)  to  95°  C.  (208°  F.).  They  are  extremely  variable  in 
composition,  and  on  cooling  ])recipitate  various  minerals,  forming 
crust  deposits.  The  rate  of  discharge  is  not  the  same  for  different 
springs,  and  varies,  probably,  from  several  hundred  to  1,500,000 
gallons  per  day.  One  of  the  hottest  sj)rings  is  located  near  Bailey 
Bay,  Behm  Canal,  in  the  Ketchikan  district.  The  water  at  this  point 
issues  from  a  fissure  in  the  granite  in  the  form  of  a  jet  15  inches  high 
and  1  inch  in  diameter.  On  Bell  Island,  just  west  of  Bailey  Bay, 
and  on  the  north  side  of  Unuk  River.  (>  miles  from  its  mouth,  are 
similar  hot  springs,  which  are  fre<iuently  visited.  The  spring  with 
the  greatest  flow  is  situated  opposite  (Jreat  (irlaci(»r,  on  Stikine  River, 
above  the  international  boundary,  and  serves  the  inhabitants  of  the 
Wrangell  district.  Definite  analyses  and  temperatures  of  the  various 
waters  could  not  be  obtained. 
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FUTUBB  OF  THIS  DIBTRICrro. 

Although  a  greater  or  less  concentratioii  of  copper  and  gold  occurs 
at  various  points  in  the  Ketchikan  district,  there  is  little  to  indicate 
that  deposits  of  much  higher  grade  or  greater  extent  will  be  found 
than  those  at  preset  mined.  Large  areas  still  remain  unprospected, 
and  within  these  future  explorations  will  probably  reveal  ore  bodies 
comparable  with  those  now  known.  The  extent  of  the  copper-baring 
masses  is  possibly  the  most  important  question  to  be  settled.  That 
outcrops  may  fail  altogether  to  indicate  the  value  of  ground  under- 
neath has  been  shown  at  several  localities,  and  that  the  occurrence  of 
the  ore  is  often  in  limited  masses  which  can  be  mined  out  in  a  short 
space  of  time  is  shown  at  several  mines,  though  at  these  localities 
advanced  developments  invariably  reveal  new  ore  bodies.  Under 
exploitation  on  the  scale  being  advanced  in  this  district  the  problem 
of  new  ore  reserves  must  inevitably  come  to  the  front,  and  the  search 
for  new  ore  bodies  should  be  vigorously  continued  by  both  prospector 
and  mine  operator.  Such  investigations  have  been  satisfactorily 
extended  in  the  ore-bearing  rocks  by  the  use  of  diamond-drills,  which 
are  especially  adapted  to  the  search  of  such  scattered  ore  masses. 

Under  existing  conditions,  with  the  price  of  copper  at  16  cents  per 
pound,  it  is  not  possible  to  mine  profitably  ore  containing  less  than  60 
pounds  of  copper  per  ton  and  the  usual  gold  content  of  from  76  cents 
to  $1.25  per  ton.  However,  ore  containing  as  low  as  40  pounds  of  cop- 
per per  ton  was  mined  and  shipped  at  a  profit  early  in  1907,  when  cop- 
per was  at  a  market  value  of  25  cents  a  pound.  The  present  mining 
costs  average  from  $1.50  to  $2  per  ton,  including  haulage  to  the 
wharf;  transportation  to  the  smelters  at  Tacoma  or  in  British  Co- 
lumbia costs  from  $1.50  to  $2  per  ton,  depending  upon  the  tonnage 
shipped ;  smelting  charges  are  from  $8  to  $5  per  ton,  including  the 
losses  in  treatment.  If  the  ore  is  smelted  in  Alaska,  transportation 
is  somewhat  reduced,  though  the  smelting  charges  are  necessarily 
increased,  as  the  coke  required  must  be  shipped  to  Alaska  and  the 
copper  matte  or  smelter  product  must  be  shipped  south  to  Puget 
Sound. 

In  some  of  the  copper  mines,  as  on  Kasaan  Peninsula  and  near  Sul- 
zer,  are  huge  bodies  of  magnetite  containing  from  1  to  2  per  cent  of 
copper  per  ton,  which  can  not  at  present  be  extracted  with  profit  as  a 
copper  ore.  It  is  possible,  however,  that,  with  the  introduction  of 
a  method  of  concentration  by  fine  grinding  and  magnetic  separation, 
such  an  ore  may  also  be  mined  to  advantage,  especially  if  the  mag- 
netite can  he  sold  as  an  iron  ore.  It  is  noteworthy  that  the  magnetite 
is  practically  free  from  phosphorus,  contains  very  little  sulphur  or 
other  impurities,  and  could  lie  placed  oh  the  market  as  a  "  Bessemer 
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ore."  The  minos  and  prospects  on  Kasaan  PtMiinsula  alone  have 
revealed  a  large  tonnage  of  magnetite  ore. 

(lold  ores  which  are  favorably  hx'ated  and  in  which  the  greater 
])eix*entage  of  the  value  is  five-milling  can  he  profitably  mined  with 
a  gold  content  of  $3  to  $10  or  more  per  ton,  according  to  the  magni- 
tude of  the  ore  body. 

The  i-apidly  increasing  output  from  the  copper  mines  on  Prince  of 
Wales  Island  and  the  recent  discoveries  of  copper-l Hearing  deposits 
have  brought  the  Ketchikan  district  well  to  the  front  as  a  copper- 
producing  area.  Little  can  be  said  regarding  the  future  of  the  mines 
amf  prospects  in  the  Wrangell  district,  as  their  outi)ut  has  been  slight. 
Copper,  gold,  and  silver-lead  deposits  are  lH»ing  exi)osed  at  several 
localitie.s,  some  of  which  give  i)romise  of  becoming  future  metal 
producers. 
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The  geography  and  geology  <.f  Alaska,  a  summary  (*f  existing  knowledge,  bv  A.  II. 

Brooks,  with  a  pecti<»n  on  climaie  l)y  <.  leveland  Abbe,  jr.,  and  a  topographic  map 

and  dencription  thc?re<.f,  by  R.  U.  (i^Iode.     Professional  Taper  No.  45,  ]1K)C,  :i27  pp. 
Placer  mining  in  Alaska  in  J904,  !)V  A.  JI.  Bn,oks.     In  Bulletin  No.  259,  J1K)5,  i)p. 

18-31. 
Tlie  mining  industry  in  1905,  bv  A.  II.  DnK.ks.     In  Bulletin  No.  284,  19(>C,  pp.  4-9. 
Tlie  mining  indu8tr\^  in  UHMJ,  !)v  A.  H.  BnM>ks.     In  Bulletin  No.  314,  J907,  pp.  19-39. 
Railway  rr»utes,  by  A.  H.  Brooks.     In  Bulletin  Nr».  284,  19()t),  pp.  10-17. 
Administrative  report,  by  A.  H.  Brooks.     In  ReiK)rt  on  pn>gress  of  investigations  of 

mineral  n»sourcef?  of  Alaska  in  1904:  Bulletin  Nn.  259,  1905,  pp.  13-17. 
Administrative  report,  by  A.  II.  Bnioks.     In  Rcprsrt  on  progress  ( f  investigations  of 

mineral  n^sourcesof  Alaska  in  1905:  BuUetin  5so.  284.  190ti,  pp.  1-3. 
Administrative  report,  by  A.  H.  Bn>oks.     In  Kejxirt  on  ])n)press  of  inv«  stigaiions  of 

mineral  resources  of  A la.<ka  in  190r):  Bulletin  No.  314.  1907.  jm.  Jl-lS. 
Notes  on  th<;  petroleum  fields  of  Alaska,  bv  (1.  C  Martin.     In  Bulletin  Nj..  259,  1905, 

pp.  128-139. 
The  petroleum  fields  of  the  Pacilic  n»ast  of  Alaska,  with  an  account  of  the  Bering  River 

coal  deposits,  bv  G.  C.  Martin.     Bulletin  No.  250,  1905,  <;4  pp. 
Markets  for  Alaska  c«)al.  bv  (t.  (\  Martin.     In  Bulletin  Xo.  284.  1900,  pj^.  18-29. 
The  Alaska  coal  fields,  by  *G.  C.  Martin.     In  Bulletin  No.  314.  1907.  pp.  40-1(1. 
Methodsand  ct>stsofgravelandplacerniining in  Alaska,  by  <\  W.  Puringion.     UuUetin 

No.  2f>3,  1905,  362  pp.     (Out  of  .<tock:   can  Im*  purchased  from  Superintendent  of 

Documents,  Washington,  D.  <'.,  fi-r  35  cenis.)     Al)stract  in  liulletin  N<».  259.  BH)5, 

pp.  32^6. 
Geographic  dictionarj-*  of    Alaska,  bv  Marcus  Baker,  secnufl  ediiinn  bv  .].  ('.  MeCnr- 

mick.     Bulletin  Nr).  299,  llKXi,  ('190  j.j). 
Administrative  report,  by  A.  IT.  Brooks.     In  Report  on  progress  of  inve.«*tigations  of 

mineral  resources  of  Alaska  in  ]!K)7.     Bulletin  N«».  345,  j»p.  5-17. 
The  distribution  of  mineral  resour<*es  in  Alaska,  i»y  A.  11.  Hnxiks.     In  Report  <»u 

progress  of  investigations  r)f  mineral  resourres  of  Alask:i  in   1907.     Bulletin  X<». 

345,  pp.  18-29. 
The  mining  industry  in  1907,  bv  A.  II.  lirooks.     In  Keporl  on  j)rogrcss  of  invest i<ja- 

t ions  of  mineral  resources  of  Alaska  in  1907.     Bulletin  315,  ]>p.  3()-53. 
Prospecting  and   mininjr  g<»ld  pla<-ers  in  Ala-^^ka,  l»v  .1.  P.  Huteliins.     In    Bnlleiin 

No.  345,  1(K)8.  pp.  54  77. 
Water-supply  inve,»*tipitions  in  Alaska  in  r.Ml(;-7,  bv  V.  V.  Hen>hawand  <'.('.  Cnveri. 

Water-Supply  Paper  No.  218.  Uhjs,  I5<;  pp. 

Tnp(ujran}i  Ir  iii  r/y  >.v . 

Alaska,  topf»graphic  map  of;  .^cale    1.25(MMHM).     Pieliniinaiy  e<liii.)n  l)y  11.  1'.  <n)«'«l«'. 

Pontained  in  Professional  Paper  Ni».  45.     Net  ]»ul»lisb<(l  separaiely. 
Map  of  Alaska  showing  flistributi(m  (»I  mineral  re.MHirre<:  .-eale.  1  :.5(MMK!(;();  ]iy  A.  II. 

BnH>ks.      Contained  in  Bulletni  345  (in  poeket  . 
Map  of  Alaska;  scale,  1:50(MM)IM);  by  Allre<l  II.  P.nn.ks. 
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Jn  preparation. 

Methods  and  costs  of  gravi  1  and  placer  mining  in  Alaska,  by  C.  W.  Purington.  Second 
edition. 

FOUTHEASTERN    ALASKA. 

Preliminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory 

sketch  of  the  geology  of  southeastern  Alaska,  bv  Alfred  H.  Brooks.     Professional 

Paper  No.  1,  1902,  120  pp. 
The  Porcupine  placer  district,  Alaska,  bv  C.  W.  Wright.     Bulletin  No.  236,  1904,  35  pp. 
The  Treadwell  ore  deposits,  by  A.  C.  Spencer.     In  Bulletin  No.  259,  1905,  pp.  69-87. 
Economic  developments  in  southeastern  Alaska,  by  F.  E.  and  0.  W.  Wright.     In 

Bulletin  No.  259,  1905.  pn.  47-68. 
The  Juneau  gold  belt,  Alaska,  by  A.  C.  Spencer,  pp.  1-137,  and  A  reconnaissance  of 

Admiralty  Island,  Alaska,  bv  C.  W.  Wright,  pp.  138-154.     Bulletin  No.  287, 

1906,  161  pp. 
Lode  mining  in  southeastern  Alaska,  bv  F.  E.  and  C.  W.  Wright.     In  Bulletin  No. 

284,  1906.  pp.  30-53.      ' 
Nonmetallic  de|)osits  of  southeastern  Alaska,  bv  C.  W.  Wright.     In  Bulletin  No.  284, 

1906,  pp.  54-60. 
The  Yakulat  Bay  region,  by  R.  S.  Tarr.     In  Bulletin  No.  284,  1906,  pp.  61-64. 
Lode  mining  in  southeastern  Alaska,  bv  C.  W.  Wright.     In  Bulletin  No.  314,  1907, 

pp.  47-72. 
Nonmetalliferous  mineral  resources  of  southeastern  Alaska,  bv  C.  W.  Wright.     In 

Bulletin  No.  314,  1907,  pp.  73-81. 
Reconnaissance  on  the  Pacific  coast  from  Yakutat  to  Alsek  River,  bv  Eliot  Black- 

w(  Idcr.     In  Bulletin  No.  314,  1907,  pp.  82-88. 
Lode  mining  in  southeastern  Alaska  in  1007,  bv  C.  W.  Wright.     In  Bulletin  No.  345, 

1908,  pp.  78-97. 
The  buikling  stones  and  materials  of  southeastern  Alaslca,   bv  C.  W.  Wright.     In 

Bulletin  No.  345,  1908,  pp.  11(M26. 
Copper  deposits  on  Kasaan  Peninsula.  Prince  of  Wales  Island,  by  C.  W.  Wright  and 

Sidney  Paige.     In  Bulletin  No.  345,  1908,  pp.  98-115. 

Topographic  tuaps. 

Juneau  Special  quadrangle:  scale.  I:  ()250[);  l>y  W,  J.  Peters.     F.ir  saK'  at  5  cents  each 

or  >^.'{  })«T  hundred. 
Toj^osrraphic  map  of  the  Juneau  i^Ad  \>o\t.  Alaska.     Contained  in  Bulletin  287,  Plate 

XXXVl.  VM)Ci.     Not  issued  separately. 

In  preparation. 

Pliy^iograpliy  and  glacial  gwlogy  of  the  Y'akulat  Bay  region,  Alaska,  by  R.  S.  Tarr, 

witli  a  chapter  on  the  lx*d-rock  geolo<;y  by  K.  S.  Tarr  and  ]».  S.  Butler. 
Tlic  Kctdiikan  and  Wrangell  niininc:  districts.  Alaska.  1)V  F.  F.  and  C,  W.  Wright. 
B«Tn."r<  P.ay  Spc-cial  map:  scale  1:62500:  by  11.  P..  Oliver.     (In  })r.'ss.) 
Kasaan  Pt-iiinsula  Sjx'cial  ma}):  scale.  1:62500:  ]»y  D.  C.  Witherspoon  and  .1.  W.Bagley. 

CONIIJOLLEK      BAY,      PKIXCE      WILLIAM      SOUND,      AND     COPPER     RIVER 

PK(HOXS. 

The  mineral  resources  of  the  ^h>ullt  Wranirell  district.  Alaska,  by  ^^■.  C.  Mendenhall. 
rn.icssioiuil  Taper  Xo.  1").  Puiii.  71  j>p.  Cuntains  ireiieral  map  «;i  Prince  William 
Sound  and  (  opper  Pi\er  re.Lri'-n:  scale.  I2miles=  I  in«-li.  i  ( >ut  of  stork:  can  be 
purchas«Ml  fn.m  Superintendent  of  Documents  f..r  :'.()  cents,  i 

Periiii:  Pixrr  coai  liehl.  l>y  i\.  C.  >rartin.     In  liulletin  Xo.  l'.Mi.  Pm).").  ]>j).  140-150. 

Cape  Vakiai:  pla<-«'rs.  hy  0.  (".  Martin.     In  P.ullelin  Xo.  2")iK  l!Mi.').  pp.  s.s-S{>. 

Xotesoii  ih,.  peiroleuni  lields  of  Alaska,  bv  (i.  C  Martin.  In  Pullet  in  Xo.  259.  1905, 
})p.  12s-i:;i>.     Abstract  from  P.ulletin  Xo.  I'.jO. 

The  petroleum  lields  of  the  Pacilic  coast  of  Alaska,  with  an  accounl  (if  the  Pering  River 
coal  'leposits.  hy  (;.  (".  Martin.     PuUetin  Xo.  L'-')!).  ]!M).").  r.  t  p,.. 

(ieoloirv  of  tin'  rentral  Coj)per  Piver  retrion.  Alaska,  bv  W.  C  Mendenhall.  Profes- 
sional PajM-r  Xo.  41.  PM).').  ]:;:;  pp. 

Co))j>er  and  "ilier  mineral  resources  of  Prinre  William  Sound,  1>\-  \  .  S.  ( iraiit.  In  Bul- 
letin Xo.  iNj.  ilMXi.  pj).  7S-S7. 

Distrihiition  and  character  <  f  the  Px-rinir  Pi\rr  <<  al.  hv  ( i.  <  .  Mart  in.  In  Pullelin  No. 
284.  P.)0«i.  J. p.  i;.">-7(i. 
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Petroleum  at  Controller  Bay,  by  0.  C.  Martin.     In  Bulletin  No.  314, 19()7,  pp.  8f>-103. 
Geoli^y  and  mineral  rewmrccs  of  Controller  Hav  region,  \>y  (i.  C.  Martin.     Bulletin 

No.  335,  1908,  141  pp. 
Notes  on  copper  pro8i>ei:t8  of  Prince  AVilliam  Sound,  l»v  F.  11.  Moffit.     In  Bulletin 

No.  345,  11K)8.  pp.  17()-178. 
Mineral  resources  oi  the  Kotsina  and  Chitina  vallevs.  Ci)pper  River  region,  bv  F.  H. 

Moffit  and  A.  G.  Maddren.     In  Bulletin  No.  345.  1908.  j)]).  127-175. 

Toix)(fraphic  maps. 

Map  of  Mount  Wrangell;  scale,  12  miles  =  1  inch.    Contained  in  Prf>iessional  Paper 

No.  15.     Not  issued  separately. 
Copi)er  and  upper  Chistochina  rivers;  scale.  1:25(X)00:  ])yT.  G.  Gerdtne.     Contained 

in  Professional  Paper  No.  41.     Not  issue<l  separately. 
Copper,  Nabesna.  and  Chisana  rivers,  head watei-s  of;  scale.  1:250000.     D.  C.  Witlier- 

spoon.    Contained  in  Professional  Paper  N«).  41.     Not  issued  separately. 
Controller  Bay  region  iSpecial  ma]);  scale,  1 :  (12500;  by  E.  G.  Hamilton.     For  sale  at  35 

cents  a  copy  or  $21.00  per  hvuidred. 
General  map  of  Alaska  coast  region  from  Yakutat  Bav  to  Prince  William  Sound;  scale, 

1 :  1200000;  compiled  by  G.  ( ■.  Martin.     Containe<l  in  Bulletin  No.  335. 

In  preparation. 

The  Kotsina-Chitina  copper  region,  by  F.  II.  Mofllt. 

Chitiua  quadrangle  map;  scale.  1 :250b0O;  l)y  T.  G.  (ierdine  an<l  I).  C.  WithersjKxm. 

COOK    INLET    AND    Sl'SITNA    KKCilON. 

The  petroleum  fields  of  the  Pacitu?  coast  of  Ala.ska,  with  an  account  of  the  Bering  River 

ctt&l  dep(»sits.  I)y  G.  C.  Martin.     Bulletin  No.  250.  1005,  04  pi). 
Coal  resources  of  southwestern  Alaska.  l>v  R.  W.  Stone.     In  I?ulletin  No.  250,  1005, 

pp.  151-171. 
Gold  placers  of  Turnagain  Ann,  Cook  Inlet,  bv  F.  H.  Moitit.     In  Bulletin  No.  250, 

19a5,  pp.  90-99. 
Mineral  resources  of  the  Kenai  Peninsula;  (if>ld  fields  nf  the  Turnagain  Arm  region,  ]jy 

F.  H.  Molfit,  pp.  1-52;  Coal  fields  of  the  Kaclieniak  Bav  re;ri'»n.  bv  R.  W.  Stone, 

pp.  53-73.     Bulletin  No.  277,  VMl  80  pp. 
Preliniinarv  statement  on  the  Matiinuska  coal  iield,  bv  (1.  C.  Martin.     In  Bulletin  No. 

284,  ISKHi,  pp.  88-100. 
A  reconnaissance  of  the  Matanuska  coal  Iield,  Alaska,  in  ]!M)5,  l)y(;.  C.  Martin.     liullc- 

tin  No.  289,  190C,  3<)  pp.     (Out  of  stock;  can  be  purchased  of  Su])erinten(lent  of 

Documents  for  25  cents. ) 
Reconnaissance  in  the  Matanuska  and  Talkeetna  basins,  bv  S.  Paiire  and  A.  Knopf. 

In  Bulletin  No.  314.  1JK)7,  pp.  104-125. 
Creologic  reconnaissance  in  the  Matanuska  and  Talkeetna  basins,  Alaska,  by  S.  Paige 

and  A.  Knopf.    Bulletin  No.  327,  1007.  71  j)p. 

Topogrnphir  innp.9. 

Kenai  Peninsula,  northern  portion;  scab*.  1:25(mmK):  l)y  K.  G.  Ilamiltrm.  Contained 
in  Bulletin  No.  277.     N(»t  pul)lisIuMl  separately. 

Reconnaissance  map  of  Matamiska  and  TalkcMMnn  rcLrioii;  s<alc.  I:250(J(M):  bv  T.(i. 
Oerdine  and  U.  II.  Sarj^ent.  Containe*!  in  Ibiliciin  No.  327.  Not  ]Mil»lished 
separately. 

Mount  McKinley  region:  scale.  1:0250IM);  by  D.  1..  Reaburn.  Contained  in  Profes- 
sional PajKjr  No.  45.     Not  published  separately. 

ALASKA   PENINSULA    ANI>    .\LKl  TLV\    ISLANDS. 

GoldmineonUnalaskaLslan<l.bvA.J.Colli(M-.     InBulletin  No.  250.  10(15. ])]..  lOj-lO.i. 
Gold  deposits  of  the  Shumaj^in  Islands,  bv  (1.  C.  Martin.     In  lUillctin  No.  25!».  l!»l)5, 

pp.  100-101. 
Notes  on  the  i>etn>leum  iields  of  Alaska,  bv  (1.  C.  Martin.     In  Bulletin  No.  250,  |!K)5, 

pp.  128-139.     Abstract  fn.in  Bidletin  No.  250. 
•JThe  petroleum  fields  of  the  Pacific  coa.-t  of  Alaska,  with  an  acc(»unt  <>i  the  ]»criiii:  River 

cc4il  deposits,  by  (1.  C.  Martin.     In  Bulletin  No.  250.  JiM)5.  (it  pp. 
Coal  resources  of  s«»ut  Invest  em  Ahuska.  bv  R.  W.  Stone.     In  Ibdletin  No.  250.  |0()5, 

pp.  151-171. 
The  Heremleen  Bay  coal  field,  bv  Sidney  Paige.     In  Bulletin  No.  2si,   I'M  Mi,  j>p. 

101-108. 
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YUKON    BASIN. 

Tho  coal  resources  of  the  Yukon,  Alaska,  ])y  A.  J.  Collier.     Bulletin  No.  218,  1903, 

71  pp. 
The  gold  placers  of  the  tortymile,  Birch  Cnx^k,  and  Fairbanks  regions,  by  L.  M.  Prin- 

dle.     Bulletin  No.  251,  1905,  89  pp. 
Y'ukon  placer  lields,  by  L.  M.  Prindle.     In  Bulletin  No.  284,  1906,  pp.  109-131. 
Reconnaissance  from  Circle  to  Fort  Hamlin,  ))y  R.  \V.  Stone.     In  Bulletin  No.  284, 

1900,  pp.  128-131. 
The  Yukon-Tanana  region,  Alaska;  description  of  the  Circle  quadrangle,  by  L.  M. 

Prindle.     Bulletin  No.  295,  1906,  27  pp. 
The  I5onnifield  and  Kantishna  regions,  bv  L.  M.  Prindle.     In  Bulletin  No.  314,  1907, 

pp.  205-22(1. 
The  Cin  le  Precinct,  Alaska,  by  Alfred  H.  Brooks.     In  Bulletin  No.  314,  1907,  pp. 

187-204. 
The  Yuk«»n-Tanana  region,  Alaska;  description  of  the  Fairbanks  and  Rampart  quad- 

rancrh  s,  by  L.  M.  Prindle,  F.  L.  Hess,  and  C.  C.  Covert.     Bulletin  No.  337,  1908, 

102  pp. 
Occurrence  of  gold  in  the  Y'ukon-Tanana  region,  by  L.  M.  Prindle.     In  Bulletin  No. 

:M5,  1908,  pp.  179-186. 
The  Fortyinile  gold  placer  district,  bv  L.  M.  Prindle.     In  Bullethi  No.  345,  1908, 

pp.  187-197. 
Water  .supi)lv  of  the  Fairbanks  district  in  1907,  by  C.  C.  Covert.     In  Bulletin  No.  345, 

1908,  pp*.  198-205. 

Topographic  maps. 

Fortymile  quadrangle;  scale,  1:250000;  by  E.  C.  Barnard.     For  sale  at  5  cents  a  copy 

ur  $3  per  hundred. 
Yukon-Tanana  region,  reconnaissance  map  of;  scale,  1:625000;  by  T.  G.  Gerdine. 

Contained  in  liulletin  No.  251,  1905.     Not  published  separately. 
Fairbanks  and  Birch  Creek  districts,  reconnaissance  maps  of;  scale,  1:250000;  by  T.  G. 

Gerdine.     Contained  in  Bulletin  No.  251,  1905.     Not  issued  separately. 
Circle  quadrangle,  Yukon-Tanana  region;  scale,    1:250000;  by  D.  C.  Withersptwn. 

Contained  in  Bulletin  No.  295.     Not  issued  s-parately. 

Ill  preparation. 

Water-supplv  investigations  in  Alaska,  190()  and  1*.)07.  bv  F.  F.  Henshaw  and  C.  C. 

('(.vert.  *  Water-supply  Paper  No.  218,  1908,   156  pp.* 
Fairbanks  quadranirh*  map;  scale,   J:2r)(K)00;  bv  D.  (\  WitherspcMm.     Containe<l  in 

bulletin  No.  :«7,  1908. 
Rampart   qiiadranijlc   map;  scale,   1:250000;  bv  D.   C.   Witlicrspixm.     Cx)ntained   in 
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COAL  RESOURCES  OF  THE  RUSSELL  FORK  BASIN 
IN  KENTUCKY  AND  VIRGINIA. 


By  Kalph  W.  Stone. 


PART  I -THE  ELKHORN  COAL  DISTRICT,  KENTUCKY. 

INTRODUCTION. 

Reasons  for  this  survey, — For  many  years  it  has  been  known  that 
bituminous  coal  of  good  quality  occurs  in  abundance  in  Pike  and 
Letcher  counties,  Ky.  The  region  north  of  Pound  Gap  on  the 
headwaters  of  Elkhorn  and  Shelby  creeks  and  of  Boone  Fork  of 
Kentucky  River  has  been  particularly  noted  as  a  possible  source  of 
a  large  amount  of  fuel.  This  region  has  enjoyed  a  good  reputation 
among  investors  for  the  amount  and  quality  of  the  coal  present,  the 
only  question  as  to  its  immediate  value  being  based  on  the  lack  of 
transportation  facilities.  A  large  market  is  readily  accessible  from 
the  mouth  of  Big  Sandy  River,  the  natural  entrance  to  the  region. 

For  several  j^ears  the  United  States  Geological  Survey  has  had 
under  advisement  an  investigation  of  the  geology  and  mineral  re- 
sources of  the  region  as  soon  as  adequate  topographic  maps  on  which 
to  base  the  work  should  be  prepared.  As  new  topographic  maps 
were  not  immediately  forthcoming  and  as  a  railroad  has  recently 
been  built  which  will  probably  lead  to  the  early  development  *of  the 
field,  it  was  decided  to  make  a  reconnaissance  survey  of  the  drainage 
basin  of  Russell  Fork  of  Big  Sandy  River  in  the  summer  of  1906. 
The  area  of  this  basin,  which  is  largely  in  Virginia,  is  approximately 
680  square  miles,  and,  as  the  writer  was  working  alone  during 
the  greater  part  of  the  thirteen  weeks  given  to  the  task,  it  was  not 
possible  to  study  details  of  structure  and  stratigraphy.  It  was  not 
intended  that  this  should  be  the  final  survey  of  the  region,  but 
rather  that  the  whole  area  should  be  visited  and  as  much  informa- 
tion obtained  concerning  the  number,  extent,  and  character  of  the 
coal  beds  as  was  jMJSsible  in  the  limited  time  available.  The  first 
part  of  this  report  deals  with  the  Kentucky  portion  of  tlie  basin  of 
Susaell  Fork,  describes  the  coal  found  there,  and  gives  a  brief  ac- 
ooaiit  of  the  structure  and  stratigraphy. 


10  COAL  KESOURCES   OP   THE   RUSSELL  FORK   BASIN. 

Previous  investigation, — Tn  1887  the  Kentucky  Geological  Survey 
published  preliminary  repoils  on  the  southeastern  Kentucky  coal 
fields,  by  A.  R.  Crandall  and  G.  M.  Hodge,  and  in  1900  the  report 
of  the  inspector  of  mines  of  Kentuckj'^  contained  the  results  of  in- 
vestigations made  by  Prof.  C.  Xewtim  Brown,  who  was  detailed 
by  the  War  Department  to  investigate  the  mineral  wealth  of  Big 
Sandy  Valley  at  the  time  there  was  a  movement  to  provide  for 
slack-water  navigation  on  the  river.  Professor  Brown's  report  was 
the  prinicipal  source  of  information  conci^rning  the  coal  of  the 
region  until  the  Kentucky  Geological  Survey,  in  October,  11>06, 
issued,  as  its  Bulletin  No.  4,  a  report  by  A.  R.  Crandall,  entitled 
"  The  Coals  of  Big  Sandy  Valley.'"  Ten  pages  of  this  report  deal 
with  the  region  here  described. 

Individuals  and  companies  have  made  thorough  investigations  of 
practically  the  entire  district.  The  Big  Sandy  Company  and  the 
Xoilhern  Coal  and  Coke  Company  have  made  areal  and  geologic 
surveys  of  their  extensive  holdings,  but  their  reports  are  privata 
The  Big  Sandy  Company  has  a  lithograph  map  of  the  Elkhorn  field 
lying  south  of  Russell  Fork  which  shows  the  outcrops  of  the  princi- 
pal coal  beds,  the  geologic  structure,  and  the  l(X?ation  of  several  hun- 
dred prospects.  This  map  was  made  by  E.  V.  d'Invilliers,  of  Pliila- 
(leli)hia.  A  copy  furnished  to  the  writer  by  the  company,  together 
with  a  tracing  of  that  portion  of  the  original  map  representing  the 
country  north  of  Russell  Fork,  formed  the  base  for  the  field  notes 
and  for  a  large  part  of  the  map  which  accomi)anies  this  report 
(PI.  I).  Private  reports  by  R.  X.  Dickman,  E.  V.  dTnvilliers, 
A.  M.  Miller,  Neil  Robinson,  Joseph  Sillyman,  and  others  were  seen 
l)y  the  writer. 

Mithod  of  work, — The  field  work  on  which  this  report  is  based 
was  (lone  l)etween  July  24  and  September  10,  190G.  G.  H.  Ashley, 
ge()lo<rist  in  charge  of  A[)palachian  coal  surveys,  spent  the  first  week 
of  the  season  with  the  i^arty.  C.  W.  Dodge,  jr.,  assisted  the  writer 
after  August  24. 

The  work  consisted  largely  in  making  road  sections  to  determine 
the  structure,  in  measuring  clilT  sections  to  get  the  stratigraphic 
succession,  and  in  nieasurinij!;  coal  !)eds  wherever  exposures  could  be 
found.  In  a  region  so  heavily  timbered  as  this  there  are  but  few 
natural  exposures  of  the  coal  beds,  and  the  number  of  coal  sections 
measured  would  have  In^en  small  but  for  the  extensive  [)rospecting 
(lone  by  the  c()m])anies  that  have  been  investing  in  coal  lands.  As 
more  than  a  year  had  ])assed  since  most  of  the  trenches  were  dug, 
nmny  of  them  were  filled  and  the  coal  made  inaccessible  except  by 
tlic  ex])en(liture  of  considerable  time  and  labor.  It  was  not  prac- 
tica!)le  in  the  present  survey  to  reexcavate,  and  thei-efore  measure- 
ments were  necessarily  confined  to  those  pi-ospects  which  were  o()en 
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and  could  be  located,  to  the  banks  which  are  worked  for  family  use 
each  winter,  and  to  the  natural  outcrops.  One  hundred  and  fifty 
measurements  of  coal  beds  were  thus  obtained,  sufficient  to  prove  the 
character  and  extent  of  the  coal  throughout  the  field.  All  coal  sec- 
tions giveh  in  this  report,  except  two  of  the  Flatwoods  l)ed,  were 
measured  by  the  writer  or  his  assistant,  Mr.  Dodge.  The  locations 
of  prospects  shown  on  the  map  of  the  Big  Sandy  Company  were  of 
great  assistance  in  finding  places  where  sections  of  coal  beds  might  be 
measured.  Stadia  elevations  given  on  the  map  were  accepted  as 
true  altitudes,  and  aneroids  were  constantly  referred  to  them. 

Acknowledgments. — The  writer  is  indebted  to  the  officers  of  the 
Big  Sandy  Compan}%  to  the  officers  of  the  Northern  Coal  and  Coke 
Company,  and  particularly  to  W.  T.  Griffith,  civil  engineer,  of  Pike- 
ville,  Ky.,  J.  C.  C.  Mayo,  of  Paintsville,  Ky.,  and  James  W.  P^ox,  of 
New  York,  for  maps,  information,  and  photographs.  C  W.  Dodge, 
jr.,  gave  efficient  assistance  in  the  field,  and  in  the  office  has  prepared 
the  map  and  the  figures  which  accompany  the  repoii.  O.  H.  Ashley, 
geologist  in  charge  of  Appalachian  coal  surveys,  has  exercised  over- 
sight of  the  work  and  oifered  many  valuable  suggestions.  David 
White  has  contributed  a  section  on  the  correlation  of  the  Elkhorn 
coals.  The  residents  of  the  district  extended  kindness  to  the  writer 
everywhere  he  went,  and  lie  wishes  to  state  that  in  every  Iwality, 
without  exception,  he  found  unfailing  courtesy  and  hospitality 
shown  to  the  stranger. 

GEOGIIAPIIV  ANT)  HISTORY. 

OEOGKAPIIIC   POSITION. 

The  Elkhorn  coal  field  is  situated  close  to  the  eastern  boundary  of 
Kentucky,  about  midway  between  Huntington,  W.  Va.,  and  Bristol, 
Va.  The  field  lies  75  miles  south  of  Ohio  River,  in  the  drainage 
basin  of  Russell  Fork  of  Big  Sandy  River.  It  is  a  part  of  the 
eastern  Kentucky  coal  field,  which  extends  over  several  counties  and 
is  divided  by  natural  boundaries  into  smaller  districts,  of  which  the 
Elkhorn  coal  field  is  one.  The  P^lkhorn  field  as  here  discussed  and 
described  is  a  triangular  area  having  its  greatest  length  along  Pine 
Mountain  and  the  State  line.  The  distance  from  the  head  of  (irassy 
Creek  to  the  head  of  Elkhorn  Creek  is  25  miles.  The  greatest  width 
of  the  field  is  about  10  miles,  which  is  the  distance  in  a  straight  line 
from  the  northern  end  of  Pine  Mountain  at  the  Breaks  to  the  mouth 
of  Russell  Fork  at  Millard.  This  area  is  all  in  Pike  County  ex- 
cept the  extreme  head  of  Elkhorn  Creek,  which  is  in  Letcher  County. 

Russell  iiork  divides  the  field  into  two  unequal  parts.  Tlie  northern 
part,  from  the  river  to  the  divide  l>etween  it  and  I^visa  Fork,  contains 
about  30  square  miles  and  is  drained  largely  by  Powell,  Ferrell, 
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Reaver,  and  Grassy  creeks,  all  of  which  are  from  3  to  4  miles  in 
length.  The  southern  part  is  much  larger,  having  about  100  square 
rnikjK,  and  includes  Elkhorn,  Pond,  and  Marrowbone  creeks.  Elk- 
hon>  Creek  rises  on  the  north  side  of  Pound  Gap  and  flows  north^st 
20  miles  parallel  with  Pine  Mountain  to  join  Russell  Fork  at  Praise 
(Elkhorn  City).  MaiTowbone  Creek,  which  is  8  miles  long,  heads 
at  Ashcamp  Gap  and  empties  into  Russell  P^'ork  at  Regina,  8  miles 
below  the  mouth  of  Elkhorn  Creek.  I\)nd  Creek  lies  between  flie 
two  and  is  scarcely  4  miles  long. 

TOPOORAPIiy'. 

The  topography  of  the  eastern  part  of  Pike  County  is  rugged, 
almost  mountainous.  The  elevation  of  the  main  streams  is  between 
700  and  000  feet  above  sea  level,  while  the  summits  of  the  ridges  are 
over  1,500  feet  above  tide.  In  the  Flatwoods  area,  which  exceeds 
2,500  feet  in  general  elevation,  thei*e  is  a  suggestion  of  the  old  Cum- 
berland i)lateau,  of  which  eastern  Kentucky  forms  a  deeply  dissected 
part.  This  broad,  level  mountain  top  corresponds  closely  with  the 
old  plateau,  which  has  an  elevation  of  approximately  2,400  feet  at 
Cumberland  Gap  and,  rising  northward,  is  recognized  at  3,500  feet 
on  New  River.  The  Cumberland  plateau  is  the  oldest,  highest,  and 
easternmost  of  the  Allegheny  plateaus,  and  is  so  deeply  eroded  in 
this  region  that  but  little  trace,  the  merest  suggestion  of  it,  remains. 
Its  general  slope  was  westward. 

The  valleys  have  narrow  floois  and  steej)  walls  that  rise  abruptly 
several  hundred  feet  to  the  narrow  rid<rc  tops.  Because  there  is  prac- 
tically no  level  upland  surface  and  the  ridges  are  difficult  of  access, 
settlement  was  first  made  on  the  banks  of  the  main  stream,  whence  it 
spread  gradually  up  the  side  ravines.  '  *•"  ' 

The  elevation  of  Russell  Fork  at  Millard  is  GSO  feet  above  tide,  af 
the  mouth  of  Road  Creek  720  feet,  at  the  month  of  PVrrell  Creek  755 
feet,  and  at  the  State  line  in  the  Hreaks  ahout  1)00  feet.  This  differ- 
ence of  2*i0  feet  in  14}  miles  gives  an  averaire  fall  of  a  little  over  15 
feet  ]wv  mile.  Elkhorn  Creek  falls  700  feet  from  head  to  mouth,  an 
avera<j:e  of  f)8  feet  per  mile  for  20  miles.  Marrowbone  Creek  has  a 
fall  of  nearly  50  feet  per  mile  in  the  lower  G  miles  of  its  course. 

IMne  Mountain,  which  marks  the  southern  l)oundary  of  the  Elk- 
hoi-n  field,  presents  a  type  of  top()gra])hy  found  in  the  Appalachian 
Valley  from  New  York  to  Alabama.  Tt  is  a  ridge  formed  by  the 
upturnin^^  of  hard  strata,  the  Lee  conglomerate,  which  dips  southeast 
at  an  angle  of  25°  and  which  is  hounded  on  the  northwest  by  a  great 
fault.  The  crest  of  Pine  Mountain  is  compai-atively  straight,  but 
more  or  less  sen-ate.  Tt  has  a  general  altitude  of  o,0(H)  feet,  with  no 
low  ga[)s  between  Pineville  and  the  Hreaks  of  Sandy,  a  distance  of 
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85  miles.  The  heavy  sandstone  and  conglomerate  beds  resist  erosion, 
so  that  the  crest  has  retreated  but  little  from  the  line  of  the  fault. 
This  fauk  brings  the  coal-bearing  rocks  on  the  west  to  an  abrupt  end 
on  the  flank  of  the  mountain  and  raises  lower  barren  rocks  high  above 
them  on  the  east,  making  a  scarp  which  is  difficult  to  cross. 

Because  of  the  deeply  dissected  character  of  the  region,  its  narrow 
valleys  and  sharp-crested  ridges,  and  because  the  base  of  the  coal- 
bearing  formation  is  at  or  not  far  below  water  level,  the  workable 
coals,  which  are  in  the  middle  of  the  formation,  occur  high  in  the 
hills.  Within  2  miles  of  Russell  Fork,  on  both  sides,  the  Elkhorn 
coals  are  so  high  in  the  hills  that  they  have  only  a  small  body  and 
very  irregular  outlines. 

This  topography,  however,  does  not  hinder  coal-mining  operations, 
for  by  frequent  bridging  or  fording  of  the  stream  room  may  be  found 
on  each  valley  floor  for  the  accommodation  of  a  higUway  and  railroad. 
Of  necessity  any  considerable  settlement  must  be  extended  along 
the  valleys. 

ACCESSIBILITY   OF  THE  REGION. 

Pine  Mountain,  which  forms  the  State  line  and  cuts  off  the  coal 
field  on  the  east,  has  always  hindered  approach  from  Virginia.  To 
the  east  it  presents  a  steep,  timbered  slope  rising  1,500  to  2,000  feet 
aboAe  the  surrounding  country  to  a  crest  in  which  there  are  no  pro- 
nounced gaps  for  many  miles.  The  Breaks  of  Sandy,  at  the  north- 
em  end  of  the  mountain,  through  which  the  drainage  of  Dickenson 
County,  Va.,  finds  its  way  westward,  is  a  box  canyon  a  thousand 
feet  deep  and  a  difficult  place  in  which  to  build  either  highway  or 
railroad.  Its  precipitous  rocky  walls,  capped  with  "  chimneys " 
and  towers,  with  the  dashing  stream  far  below,  make  some  of  the 
wildest  scenery  to  be  found  in  this  section  of  the  country. 

On  account  of  this  great  natural  barrier  on  the  southeast  practically 
all  approach  to  the  region  is  from  the  north,  by  way  of  Big  Sandy 
River.  Until  lOOG  Pike  County  was  accessible  only  by  wagon,  ex- 
cept at  intervals  when  a  flood  stage  on  the  river  made  it  i)()ssible  for 
steamers  of  shallow  draft  to  ascend  as  far  as  Pikeville,  but  this 
method  of  transportation  was  infrequent  and  precarious. 

Highways  over  which  wagons  may  pass  without  difficulty  are  con- 
fined to  the  valleys  of  the  main  streams.  In  many  places  the  valley 
floor  is  so  narrow  that  the  road  and  stream  bed  are  coincident  or 
cross  each  other  at  intervals.  The  principal  road  to  this  coal  field 
is  the  highway  from  Pikeville  to  Virginia  via  the  Breaks  of  Sandy. 
In  the  region  shown  on  PL  I  it  extends  up  the  left  side  of  Russell 
Fork  to  the  mouth  of  Grassy  Creek,  which  it  ascrends  to  reach  the 
upland  and  pass  around  the  Breaks.  Another  much-traveled  road 
runs  up  Marrowbone  Creek,  over  Ashcamp  Gap,  to  the  mouth  oi 
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Ashcaiiip  Creek,  where  it  joins  the  road  that  extends  along  Elkhorn 
Creek.  Wagons  cross  Pine  Mountain  over  Pound  (Jap  at  the  head  of 
Elkhorn  Creek  and  over  Blowing  Rock  Gap  opposite  Ashcamp  Creek. 
There  is  a  haul  or  sled  road  over  the  mountain  at  Osl)om  Gap,  oppo- 
site Shelby  Gap,  which  is  halfway  between  the  gaps  just  mentioned 
and  about  15  miles  from  the  mouth  of  Elkhorn  Creek.  There  are 
also  roads  up  Beaver,  Ferrell,  and  Road  creeks,  crossing  the  divide  to 
Ijevisa  Fork. 

There  are  no  roads  on  the  ridges.  Numerous  bridle  paths  make 
practically  all  parts  of  the  region  accessible  to  travelers  on  horse- 
back. 

In  July,  1906,  the  Big  Sandy  branch  of  the  Chesapeake  and  Ohio 
Railway  was  completed  from  Pikeville  to  Elkhorn  City  (Praise 
post-office),  at  the  mouth  of  Elkhorn  Creek,  and  to  Hellier,  near  the 
head  of  Marrowbone  Creek.  This  railroad  makes  part  of  the  Elk- 
horn coal  field  readily  accessible,  and  affords  opportunity  for  the 
development  of  the  extensive  fuel  resources  which  had  not  been 
touched  because  transportation  facilities  were  lacking.  With  the 
coming  of  the  railroad  interest  in  the  field  has  increased  and  several 
mines  are  being  opened. 

Propositions  to  tap  the  field  by  railroads  from  the  east  or  south 
have  been  frequently  promulgated.  In  11)00  surveyors  were  working 
in  Dickenson  County  on  the  proposed  line  of  the  South  and  Western 
Railway,  which  aims  at  tunneling  Sandy  Ridge  at  Trammel  Gap, 
crossing  Dickenson  County  by  way  of  McClure  Creek  or  Cranes 
Nest  River,  following  down  Russell  Fork  to  the  Breaks  at  the  north 
end  of  Pine  Mountain,  and  connecting  at  Elkhorn  City  with  the 
Chesapeake  and  Ohio  Railway.  Another  i)rop()se(l  route  extends  up 
Kentucky  River  to  the  head  of  Boone  Fork,  down  Pjlkhorn  Creek  to 
Shelby  (lap,  tnid  thence  down  Shelby  Creek.  Some  gi'ading  was  done 
at  the  head  of  Shel!)y  Creek  and  in  Shel!)y  (iap  to  hold  the  location. 
In  the  Breaks  of  Sandy  considerable  excavating  and  grading  has 
been  conii^lcted,  but  in  the  summer  of  UKM)  construction  work  was 
not  being  done  on  any  of  the  pro[)ose(l  lines. 

FOUEST. 

Originally  this  entire  region  was  covered  with  a  mantle  of  hard- 
wood forest.  The  valley  floors  and  the  lower  j)ortions  of  the  steep 
mountain  slopes  are  cleared,  but  the  up])er  slopes  and  tops  of  the 
ridges  are  as  yet  heavily  covered  with  timber,  flogging  has  been 
carried  on  in  the  valley  for  fifty  years,  the  logs  being  rafted  or 
floated  singly  down  the  river  at  high  water  to  mills  on  the  Ohio. 
TiOgs  that  have  been  cut  and  rolled  into  the  river  are  strewn  along 
the  banks  and  bars  waiting  for  a  "mountain  tide.''     Rafts  are  sent 
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out  with  every  big  stage  of  the  river,  but  many  logs  still  remain 
stranded.  In  the  Breaks  of  Sandy  a  jam,  estimated  at  40,000  logs, 
which  failed  to  come  down  for  four  years  because  the  river  did  not 
rise  enough,  went  out  on  a  flood  in  January,  1907. 

The  most  valuable  wood  native  to  the  region,  the  black  walnut 
{Juglofiis  nigra)  ^  is  very  rare  now  in  trees  of  any  considerable  size. 
In  the  early  days  walnut  logs  were  split  for  rails  and  firewood,  and 
twenty-five  years  ago  the  Singer  Sewing  Machine  Company  bought 
large  numbers  of  walnut  trees  at  25  cents  a  piece.  Now  a  blackr 
walnut  stump  will  bring  $25  or  more. 

Chestnut  {Castanea  dentata)  and  yellow  poplar  {Liriodendron 
iulipifera)  are  not  so  common  as  formerly.  At  present  white  and 
red  oak  (Querciis  alba  and  Q.  rubra)  are  being  culled  rapidly  and 
made  into  staves,  which  are  shipped  by  the  railroad.  Among  the 
more  common  trees  found  in  the  Elkhorn  region  and  in  eastern 
Kentucky  in  general  are  the  sugar  maple  (Acer  saccharvm) ,  white  ash 
(Fraxinus  americana)  ^  beech  {Fagus  americana)^  hickory  {Ilicoria 
alba) J  basswood  {Tilia  ainericana)^  and  sycamore  {Platanus  occi- 
dentalis).  Less  common,  but  still  not  infrequent,  are  the  buckeye 
{^HculuH  octandra)^  papaw  (Asimina  triloba)^  and  cucumber  tree 
(Magnolia  acuminata). 

To-day  the  landscape  from  any  of  the  highest  summits  presents  a 
view  of  low  mountains  completely  clad  with  timber  and  with  only 
a  few  inconspicuous  patches  cleared  for  corn.  The  lumberman,  how- 
ever, is  beginning  to  make  rapid  inroads,  and  the  day  is  not  far  dis- 
tant when  most  of  the  mountains  will  be  stripped  of  their  cover. 
There  is  timber  in  these  mountains  of  quality  and  in  abundance  suffi- 
cient to  meet  the  demands  of  extensive  coal-mining  operations  and 
to  warrant  the  establishment  of  furniture,  spoke,  handle,  and  wagon 
factories.  With  the  stripping  of  the  forest,  however,  the  soil  on  the 
steep  hills  will  be  rapidly  washed  away  and  the  slopes  left  bare  and 
sterile.  Worst  of  all,  with  the  removal  of  the  forest  will  come  devas- 
tating floods  that  will  do  incalculable  damage  to  the  lands  and  indus- 
tries on  the  banks  of  Russell  Fork.  PI.  II,  .1,  shows  Big  Sandy 
River  at  flood  stage  and  several  rafts  of  logs,  indicating  the  source 
of  an  abundance  of  timber  for  mine  supports  and  for  outside  con- 
struction. 

EARLY   DEVELOPMENT   OF    MINERAL    RESOURCES. 

It  is  probable  that  small  coal  banks  were  opened  as  early  as  the 
civil  war,  but  they  must  have  been  few  and  little  more  than  "  gopher 
holes."  One  of  the  oldest  known  banks,  said  to  have  been  opened 
over  thirty  years  ago,  is  on  Harless  Creek,  11  miles  above  its  mouth, 
on  the  land  of  Butler  Ratliff.  This  bank  originally  supplied  fuel 
for  the  locomotive  of  a  small  steam  tramroad  which  was  built  up  the 
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creek  for  logging.    The  need  of  fuel  for  ^  sklm  was  m 

early  incentive  for  digging  ooaL    Some  fi     I  re  l^^u  upm 

and  supplying  winter  fuel  to  one  or  two ai „  doxcii  or  fif* 

teen  years,  but  most  of  the  prospecting  to  locati?  the  coal  \}i*dH  hm 
been  done  since  1902.  Much  of  it  has  oonsiste<l  of  si  tuple  treiiduu? 
tx>  face  up  the  coal  and  m^uure  it,  after  which  tlie  c>)ii'nmg  hnn  cavtHl. 
In  a  few  places  after  the  facing  up  scHne  one  luis  (alati  tlu^  opportu- 
nity to  drift  in  and  timber  the  opening  so  as  to  keep  the  coal  acces- 
sible. The  amount  of  development  in  this  field  prior  to  WM  \vu 
extremely  meager  and  of  little  or  no  importance.  E%en  to  thi^^  day, 
in  spite  of  the  abundance  of  coal,  the  principal  fuel  used  in  this  dis- 
trict is  wood. 

PRESENT  DEVELOPMENT  AND  PBODtlCTlON. 

Except  the  few  small  banks  which  are  kept  open  for  fHinily  usi^ 
and  one  or  two  which  supply  a  small  custom  trnde,  iW  develo[Hoei(t 
of  the  field  is  confined  to  the  upper  portion  of  Marit>wlK>rio  Creek, 
where  five  mines  have  been  <^>ened.  The  buviiifr  of  mtnernl  rightir 
was  begun  by  R.  M.  Broas  about  July,  1886,  and  hy  WiMer  und  St  rat- 
ton  in  1888.  Their  purchases  were  talren  over  by  tlie  Elkhorn 
Coal  and  Coke  Company  about  1893.  By  ttxv  vihwin  of  R.  A.  Hel 
lier,  this  company  procured  a  considerable  bUx-k  of  c>()al  huid  a; 
transferred  its  rights  to  the  Big  Sandy  Compsioy  in   LIHH 

The  Big  Sandy  Company  now  owns  a  lar^  pn3p<irtion  of  tlio 
mineral  rights  of  the  area  represented  on  the  aocoinpanytng  map* 
John  C.  C.  Mayo  commenced  buying  coal  ri^diis  in  this  titdil  in 
1892  and  continued  until  he  organized  the  Northern  Coal  and  Cob 
Company  in  1901.  Practically  all  of  the  coal  land  between  Sheflbf 
Gap  and  the  head  of  Elkhorn  Creek  is  owned  by  this  company, 
which  has  made  a  number  of  openings  to  show  the  character  and 
value  of  the  coal  and  has  built  beehive  ovens  near  the  head  of  Elk- 
horn Creek  to  test  the  coking  quality  of  the  Upper  Elkhorn  coaL 
The  Northern  Coal  and  Coke  Company  exhibited  at  the  LouisiaDa 
Purchase  P^xposition,  at  St.  Louis,  specimens  of  coke  made  at  thess 
ovens,  and  also  a  complete  section  of  the  8-foot  coal  bed.  Activa 
development  of  this  company's  property  is  delayed  by  lack  of  rail- 
road facilities.  The  Virginia  Iron,  Coal  and  Coke  Company  owns 
about  2,000  acres  of  coal  land  on  Pond  Creek,  but  there  is  no  develq^ 
ment  of  the  property  other  than  the  opening  of  a  few  small  banks. 

None  of  this  property  was  of  immediate  value  so  long  as  there  was 
no  means  of  transportation.  The  construction  of  the  Big  Sandy 
branch  of  the  Chesapeake  and  Ohio  Railway  to  the  mouth  of  Elk- 
horn Creek  and  uj)  Marrowbone  Creek  to  Cassell  Fork  was  completed 
in  June,  190G.  Before  the  completion  of  the  railroad  the  Big  Sandy 
Company  had  leased  coal-mining  rights  to  five  newly  formed  compa- 
nies, and  preparations  for  extensive  mining  were  begun  at  once  in  afl 
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many  different  localities  on  Marrowbone  Creek.  The  companies 
which  began  active  development  work  in  the  spring  of  1906  are  the 
Greenough  CJoal  and  Coke  Company,  the  Edgewater  Coal  and  Coke 
Company,  the  Henry  Clay  Coal  and  Coke  Company,  the  Marrowbone 
Coal  and  Coke  Company,  and  the  Pike  Coal  and  Coke  Company. 

Outside  construction  and  drifting  began  in  February,  and  in  June 
the  Pike  Coal  and  Coke  Company  shipped  the  first  car  of  coal.  In 
July,  soon  after  the  completion  of  the  railroad,  the  Pike  and  Green- 
ough mines  began  shipping  regularly,  the  former  loading  cars  from 
a  temporally  chute  and  the  latter  from  a  permanent  tipple.  The 
Greenough  Company  is  mining  the  l^pper  Elkhorn  bed,  and  tlie 
Pike  Company  the  Lower  Elkhorn.  In  Octol>er,  1906,  the  Henry 
Clay  Company  began  loading  Lower  Elkhorn  coal  from  its  perma- 
nent tipple.  At  that  date  the  raih-oad  grade  was  not  completed  to 
the  Edgewater  mine,  which  is  at  the  head  of  Marrowbone  Creek, 
and  the  tipple  for  the  Marowbone  mine  was  not  built.  A  descrip- 
tion of  the  stage  of  development  of  the  property  of  these  five  com- 
panies in  October,  1906,  will  show  the  prospects  of  the  field. 

The  Edgewater  Coal  and  Coke  Company  is  developing  a  Jease  at 
the  head  of  Marrowbone  Creek  one-half  mile  north  of  Ashcamp  (lap. 
Main  gangways  are  being  driven  on  botli  the  Upper  and  Lower  Elk- 
horn beds.  In  October  tlie  gangway  on  tlie  upper  bed  was  in  140 
feet  with  a  course  S.  85°  E.,  and  on  the  lower  bed  370  feet  on  a 
course  S.  83°  E.,  with  a  parallel  air  course  not  so  long.  A  tipple  and 
incline  were  being  built.  The  Edgewater  mine  is  seven-eighths  mile 
from  the  railroad.  A  grade  for  a  railroad  spur  was  built  to  it  in  the 
i^pring  of  1906,  but  was  too  steep  and  a  longer  one  with  easier  grade 
was  built  in  the  fall.  Outside  construction,  including  miners'  liouses, 
w^as  barely  begun. 

The  Greenough  Coal  and  Coke  Company  lias  driven  600- foot  gang- 
ways on  the  upper  and  lower  beds,  one  above  the  other,  at  a  point 
about  300  yards  above  the  mouth  of  Cassell  Fork.  The  upper  mine 
has  two  right  and  two  left  entries  started.  It  is  reported  that  the  coal 
nearly  pinched  out  in  the  face  of  the  lower  mine,  but  this  was  not  con- 
firmed as  the  heading  was  inaccessible  on  account  of  w^ater.  Coal 
was  being  shipped  from  the  upper  bed.  Miners'  houses  were  built, 
and  the  tipple  and  gravity  incline  at  this  mine  were  the  first  ones 
completed  on  the  creek.  A  roadway  has  been  graded  up  the  moun- 
tain side  to  the  upper  mine,  which  is  about  350  feet  above  the  stream. 

The  Henry  Clay  Coal  and  Coke  Company  has  a  lease  on  a  block  of 
coal  which  lies  on  the  north  side  of  ilarrowbone  Creek  between  Poor- 
bottom  Creek  and  Big  Branch.  Development  was  begun  by  building 
a  group  of  houses  and  other  necessary  buildings  along  the  railroad 
and  by  starting  a  mine  on  the  Lower  Elkhorn  bed.  In  October,  1906, 
40868— BuU.  348—08 2 
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the  entry  was  660  feet  long  and  was       ii         \  \  parallel  air 

course.  The  coarse  of  the  main  entry  N.  75"^  ,  for  450  t^u 
where  it  turns  N.  46^  W«  Cars  from  thw  iw^rv  ^^^^  ndTiled  nniund 
the  face  of  the  hill  about  100  yards  to  the  tipple  incline,  whieh  i^ 
located  on  the  point  of  a  spur.  An  opening  had  been  driven  ulioiit 
TO  feet  on  the  upper  bed  on  the  opposite  ade  of  the  spur  and  was 
progressing  rapidly  in  a  N.  46®  W.  direction.  Thk  mine  \K*i^m 
shipping  coal  from  the  lower  bed  in  C  tdber.  The  tipple  is  dirtaetlv 
on  the  railroad,  so  that  only  a  siding     necessary. 

The  Marrowbone  Coal  and  Coke  C<  ipany  imdertook  the  develop- 
ment of  their  property  in  May,  1906,  and  in  October  had  tH»t  (Com- 
pleted the  tipple  and  siding,  although  the  buililing  of  thi^s  part  of  the 
plant  and  of  houses  for  the  miners  was  progressing.  This  cotnpany'ii 
lease  is  on  the  south  side  of  Marrowbone,  nearly  opposite  the  moiitli 
of  Rockhouse  Creek.  At  this  point  the  Upper  Elkhoru  tmn]  i& 
about  570  feet  above  the  railroad  and  stream.  Entrie^^  on  both  beds 
are  driven  S.  30^  E.  One  on  the  upper  bed  had  reached  1^37  fcnsl  and 
two  on  the  lower  bed  125  feet 

The  Pike  Coal  and  Coke  Company  began  construction  of  houai^ 
and  a  company  store  in  February  and  shipped  coal  early  in  July^ 
1906.  More  work  was  done  on  the  lower  than  on  the  upper  bed*  and 
on  September  1  the  lower  mine  had  a  main  ^nmgway  720  ftH*t  h>ng 
with  a  parallel  air  course,  and  a  left  entry  850  feet  long,  with  an  air 
course.  Three  rooms  from  30  to  70  feet  long  have  been  cut  from 
this  entry.  At  the  same  time  the  entry  of  the  ui>pcr  mine  had  itd- 
vanced  246  feet.  Foundation  for  a  permanent  tipple  was  laid  & 
October,  cai*s  then  being  loaded  from  a  temporary  chute. 

All  of  these  mines  are  using  the  room-and-pillar  system,  and  ilie 
coal  is  shot  from  the  solid.  Mining  machines  have  not  yet  been  ist^ 
stalled.  The  mines  are  ventilated  by  furnace,  and  the  hauling  is 
done  by  mules.  Natural  drainage  is  obtained.  Miners  are  paid  $8.76 
a  yard  for  driving  headings  G  feet  high  and  for  mining  at  the  rate 
of  00  cents  for  a  IJ-ton  car.  Miners  working  in  the  Lower  Elkhom 
bed  are  paid  70  cents  a  car,  the  higher  rate  being  demanded  for 
throwing  out  the  laminated  coal.  All  of  the  mines  have  had  diffi- 
culty in  getting  enough  miners  and  were  working  short-handed.  The 
daily  production  of  the  three  mines  which  were  shipping  in  Octoberi 
1900,  was  as  follows : 

Daily  production  of  mines  on  Marrowbone  Creek,  Oetohcr,  1906. 

Tom. 

(ireenough  miue  from  Upper  Elkliorn  bod 00 

Henry  Clay  mine  from  Ix)wer  Elkhorn  betl SO 

Pike  mine  from  I^wer  Elkhom  bed 00 
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A  very  rapid  increase  in  the  amount  of  coal  produced  and  shipped 
was  possible  as  soon  as  outside  construction  could  be  completed  and 
a  greater  number  of  miners  procured.* 

From  the  above  statements  it  is  apparent  that  here  is  a  coal  field 
as  yet  practically  untouched  which  is  just  entering  upon  a  period 
of  active  development.  Whether  the  mines  above  described  are 
located  in  the  best  part  of  the  field  so  far  as  thickness  and  quality 
of  the  coal  are  concerned  is  a  question.  Certainly  there  are  areas  in 
which  the  beds  are  thicker,  or  at  least  one  bed  has  a  much  greater 
thickness  than  either  of  those  mined  on  Marrowbone  Creek,  but  in 
one  place  the  body  of  coal  to  work  upon  is  small  and  the  cover  is 
slight,  being  located  near  the  top  of  narrow-crested  ridges,  and  in 
another  place  the  desirable  district  is  much  less  accessible.  It  is 
possible  that  from  the  beginning  here  described  a  considerable  min- 
ing industry  may  grow  up  and  the  Elkhorn  field  of  Kentucky  become 
known  for  the  excellent  quality  of  its  steaming  and  coking  coal. 

MARKET. 

The  natural  outlet  for  the  coal  and  coke  of  the  eastern  Kentucky 
fields  is  the  Ohio  Valley.  Geographic  conditions  make  the  market 
of  the  immediate  future  lie  to  the  north,  west,  and  south.  The  Appa- 
lachian Mountains  form  a  natural  barrier  which  hinders  the  delivery 
of  coal  to  the  east.  There  is  a  possibility,  however,  that  within  a 
few  years  there  may  be  a  railroad  from  the  Atlantic  seaboard  directly 
across  the  mountains  to  this  coal  field.  The  market  in  the  Ohio  and 
Mississippi  valleys  is  of  sufficient  size  to  handle  all  of  the  coal  that 
will  be  poured  into  it.  With  Chicago  receiving  10,000,000  tons  of 
bituminous  coal  annually,  Cleveland  0,000,000,  Cincinnati  4,000,000, 
and  Toledo  and  St.  Louis  7,000,000  each,  there  is  an  abundant  market 
to  which  the  Elkhorn  field  is  directly  accessible. 

The  Chesapeake  and  Ohio  Railway,  as  explained  in  the  introduc- 
tion, extends  into  the  heart  of  this  field.  It  needs  but  the  construc- 
tion of  a  few  miles  of  track  to  bring  any  point  in  the  field  in  direct 
connection  with  the  main  line.  Millard,  at  the  mouth  of  Russell  and 
Levisa  forks,  is  a  natural  collecting  point.  *The  following  table  shows 
the  distances  and  routes  from  Millard,  in  the  heart  of ^he  Elkhorn 
field,  to  some  of  the  principal  markets  which  the  field  may  supply : 

Distances  and  routes  from  Millard. 

Miles. 

Ashland  and  Irouton,  via  Chesapeake  and  Ohio  Railway V2i 

Cincinnati,  via  Che8ai)ealie  and  Ohio  Railway 2iT7 

Columhus,  via  Chesapealie  and  Ohio  Railway  and  Norfolk  and  Wosteni 

Railway 1^55 

•  In  April,  1007,  the  dally  capacity  of  the  five  mines  was  about  1,000  tons,  but  the 
supply  of  can  was  short  and  irregular. 
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MUes. 
Cleveland,  via  ChesaiKiake  and  Ohio  Hail  way,  Norfolk  and  Western  Rail- 
way,  Cleveland,   Cincinnati,   Chicago  and   St.   Louis  Railway 390 

Toledo,  via  Chesjipaake  and  Ohio  Railway,  Norfolk  and  Western  Railway, 

and  Hocking  Valley  Railway 370 

Chicago,  via  Chesiii)eake  and  Ohio  Railway  and  Cleveland,  Cincinnati,  Chi- 
cago and  St.  Louis  Railway 573 

Indianapolis,   via   Chesapeake  and   Ohio  Railway  and  Cleveland,   Cincin- 
nati,  Chicago  and   St.   Louis  Railway 377 

Lexington,  via  ChesaiKjake  and  Ohio  Railway 245 

liOUisville,  via  Cliessipeake  and  Ohio  Railway 33<) 

St.  Louis,  via  Chesapeake  and  Ohio  Railway  and  Southern  Railway 604 

Nashville,  via  Chesapeake  and  Ohio  Railway  and  Ix)uisville  and  Nashville 
Railroad 517 

The  rehition  of  the'  Elkhorn  field  to  these  markets  is  illustrated  in 
the  accompanying  sketch  map  (fig.  1). 
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Skclcli  map  sliowiii;;  locallon  of  KIkliorn  coal  liokl  with  relation  (o  markets. 
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(JENKIJAL    DKSCKirTIOX. 

The  rorks  exposed  at  the  surface  in  the  Elkhorn  coal  field  belong 
to  the  lower  2)art  of  the  Carboniferous  system.  They  consist,  be- 
frinnin<r  with  the  lowest,  of  the  Newman  limestone,  Pennin^on 
shale,  Lee  (•on<zlomerate,  and  a  (•oal-beai'in<r  series  which  has  not 
been  divichHl  into  foi-mations.  It  is  possible  that  the  Chattanooga 
shale,  which  lies  next  below  the  Newman  limestone,  is  above  water 
level  on  the  north  side  of  Pine  Mountain,  near  the  head  of  Elkhorn 
Ci'eek,  but  if  it  is  raised  above  the  ovei'turned  edges  of  the  coal- 
bearing  rocks  in  this  field  it  is  likely  that  talus  from  the  fault  scarp 
conceuls  it. 
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NEWMAN    LIMESTONE. 


This  formation,  which  includes  all  the  strongly  calcareous  rocks 
in  this  part  of  the  geologic  column,  is  named  from  Newman  ridge, 
in  northern  Tennessee.  It  varies  in  thickness  from  200  or  300  feet 
up  to  2,600  feet.  The  formation  is  not  all  limestone,  but  includes 
calcareous  and  sandy  shales  and  sandstones.  Massive  and  pure 
limestone  forms  at  least  the  lower  half  and  there  are  some  chert 
nodules  at  the  base.  The  Newman  limestone  is  well  exposed  at  Big 
Stone  Gap,  Wise  County,  Va.,  where  it  has  a  thickness  of  829  feet." 
The  lower  400  feet  is  solid  limestone,  and  the  upper  part  is  com- 
posed of  dark  shales  and  sandstones  with  thin  beds  of  impure  lime- 
stone. 

In  the  Elkhorn  field  exposures  of  the  Newman  limestone  are  nu- 
merous in  sheer  cliffs  on  the  north  side  of  Pine  Mountain,  but  neither 
the  thickness,  limits,  nor  section  of  the  formation  could  be  obtained 
with  any  degree  of  accuracy  on  any  of  the  roads  that  cross  the 
mountain.  It  is  best  shown  on  tlie  Blowing  Rock  Gap  road.  Here 
limestone  is  found  through  a  vertical  distance  of  050  feet,  the  high- 
est outcrop  seen  in  the  road  being  about  400  feet  below  the  gap.  No 
rocks  in  place  were  seen  within  100  feet  above  the  highest  or  below  the 
lowest  limestone  outcrop,  so  that  considering  the  dip  of  the  beds, 
there  is  ample  room  for  1,000  feet  of  this  formation.  Shaly  sand- 
stones and  red  shale  are  contained  in  the  upper  part  of  the  forma- 
tion as  seen  on  this  road.  The  limestone  itself  is  blue  to  drab  or 
light  gray,  and  weathers  white,  so  that  the  outcrops  and  bowlders  of 
it  are  conspicuous. 

On  the  road  ascending  the  mountain  from  Shelby  Gap  to  Osborn 
Gap  almost  no  limestone  is  exposed.  In  a  vertical  distance  of  800 
feet  between  beds  of  sandstone  only  one  outcrop  of  limestone  was 
noted.  On  Pound  Gap  road  about  100  feet  of  limestone  is  overlain 
by  a  heavy  sandstone  sup|wsed  to  be  the  l)ottom  member  of  the  Pen- 
nington and  is  underlain  by  15  feet  of  shale,  below  which  is  sandstone. 
Whether  these  rocks  l)elong  in  the  Newman  is  not  certain,  but  it  seems 
probable  that  they  do.  The  lowest  outcrop  of  limestone  is  about 
250  feet  above  the  supposed  line  of  the  fault.  The  writer  is  of  the 
opinion  that  only  350  feet  of  this  formation,  including  sandstone, 
shale,  and  100  feet  of  limestcme,  is  exposed  here,  and  that  the  lower 
part  of  the  formation,  made  up  of  heavy  beds  of  limestone,  was 
never  raised  to  the  surface. 

PENNINGTON    SHALE. 

Above  the  Newman  limestone  lies  a  series  of  variegated  shales  and 
sandstones  of  variable  thickness.     Green,  blue,  olive,  red,  and  purple 

•  Campbell,  M.  B.,  Geology  of  the  Big  Stone  Gap  coal  field  of  Vlrvcluliv  «iViA  ^«!\A\i<jVs  \ 
Boll.  U.  B.  Geol.  Barwey  No.  Ill,  1893,  p.  'AH. 
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shales  are  the  distinctive  features  of  t      J  11^  ^^^  ^^^^ 

slope  of  Powell  Mountain  it  has  an  cxtr        th    |         If  1^00  fe 
At  Pennington  Gap,  the  type  locality,  and  at  mg  ^one  Gap  it 
1,025  feet  thick;  at  Hurricane  Gap,  in  Pine  Mountain,  it  ig  B90  fe 
thick.    At  Big  Stone  Gap  there  is  over  260  feet  of  fairly  Iieavy  sandj 
stone  at  the  bottom  of  the  formation.* 

On  the  north  side  of  Pine  Mountain  at  Blowing  Rock  G&p  there 
a  concealed  interval  of  about  100  feet  above  the  hi|;hest  imtcrap 

limCBtone.  Alxjve  this  tht*re^ 
is  about  300  feet  of  mud- 
stone  (principally )imipiK^5ed 
to  be  the  lower  portion  of 
the  Pennington,  Overlying 
a  veiy  heavy  sandstone  which 
make^  a  strong  elitr  jnst  i)e* 
low  the  ^iip  is  n  inaa^  tif 
strongly  colored  shale  whirh 
is  exposed  in  the  ga[)  itself. 
The  Lee  conglomenUe  \m 
only  a  few  feet  alK)ve»  Tbert^ 
is  tlieii  at  least  5(K)  fir  iW 
feet  of  Pennington,  Kilher 
the  variegated  shades  and 
thin  sandstones  which  ap- 
pear farther  south  to  tibe 
thickness  of  several  hundred 
feet  were  not  laid  down  hen 
or  a  considerable  portiim  of 
them  was  worn  away  as  a 
land  area  previous  to  the 
deposition  of  the  Lee  con- 
glomerate. 

At  Pound  Gap  from  the 
base  of  the  Lee  conglomer* 
ate  to  the  base  of  a  heavy 
sandstone  resting  on  white 
limestone,  which  is  believed  to  be  the  top  of  the  Newman,  there  is  a 
vertical  interval  of  250  feet,  but  the  thickness  of  the  Pennington  is 
considerably  greater.  The  dip  of  the  rocks  ranges  from  18®  to  26*^, 
but  the  actual  thickness  of  the  formation  was  not  determined  because 
the  horizontal  factor  was  unknown.  Typical  red  and  green  Penning; 
ton  shales  are  exposed  in  the  midst  of  the  interval.  The  accompany- 
ing section  (fig.  2)  from  the  north  side  of  the  mountain  is  out  of  pro- 

•Camplx'll.  M.  R.,  Geology  of  the  Big  Stone  Gap  coal  field  of  Virginia  and  Kentndkji 
Bull.  U.  S.  Oeol.  Survey  No.  Ill,  1893,  p.  37. 
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Fi(i.    2. — Section   on    road   from    Pound    Gap   to 
Elkhorn  Creek. 
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portion,  the  horizontal  distance  from  Elkhorn  Creek  to  the  crest  of 
the  mountain  being  approximately  three-fourths  of  a  mile. 

The  thickness  of  the  Pennington  formation  at  Osborn  Gap  could 
not  be  determined.  The  bottom  of  the  highly  colored  shale  is  300 
feet  below  the  base  of  the  Lee,  and  it  is  underlain  by  50  feet  or 
more  of  sandstone.  From  the  bottom  of  the  Ijee  to  the  first  lime- 
stone seen  in  the  road  is  700  feet  vertically.  Allowing  for  the  dip 
of  the  rocks  and  grade  of  tlie  road  there  may  be  1,000  feet  or  more 
of  the  Pennington  at  this  point. 

LEE    CONGIX>MERATE. 

Above  the  Pennington  shale  and  immediately  below  the  coal- 
bearing  rocks  there  is  a  great  thickness  of  heavy  sandstones  and  con- 
glomerate which  is  known  in  this  part  of  the  Appalachian  region  as 
the  Lee  conglomerate.  In  the  Elkhorn  field  it  has  a  thickness  of  1,000 
feet  or  more  and  is  composed  of  thick  beds  of  fine  conglomerate  at 
the  top  and  bottom,  with  softer  sandstone  and  shale  and  one  or  two 
small  coal  beds  in  the  middle. 

The  Lee  conglomerate  is  exposed  all  along  the  crest  of  Pine 
Mountain  at  the  southeastern  edge  of  this  field,  and  also  along  Rus- 
sell Fork  from  the  Breaks  to  a  little  below  the  mouth  of  Elkhorn 
Creek.  Elkhorn  City  is  located  directly  on  it,  and  the  formation, 
which  rises  gradually  toward  the  fault  at  the  mouth  of  Grassy  Creek. 
makes  the  walls  of  the  gorge  below  that  point.  'White,  opaque 
quartz  pebbles  up  to  a  quarter  of  an  inch  in  diameter  are  common 
in  the  top  and  bottom  members  of  the  formation  and  give  to  it  the 
name  of  "hailstone  rock."  The  cementing  material  is  not  alwavs 
strong  and  the  quartz  pebbles  are  abundant  in  the  streams  that 
flow  off  the  formation.  Along  parts  of  the  crest  of  Pine  Mountain 
where  the  base  of  the  Lee  has  been  deeply  weathered  the  surface  is  so 
covered  with  pebbles  as  to  resemble  the  ground  after  a  hailstorm. 

The  writer  did  not  measure  a  section  of  the  T^e.  The  base  forms 
the  crest  of  Pine  Mountain,  and  the  rest  of  the  formation,  dipping 
at  an  angle  of  25°,  is  exposed  on  the  eastern  slope  of  tlie  mountain 
in  Virginia  in  such  a  manner  that  an  accurate  section  can  not  be 
obtained.  At  the  Breaks  of  Sandy  the  T^ee  is  exposed  in  cliffs 
nearly  1,000  feet  high  (PI.  II,  B^  p.  14)  and  so  nearly  vertical  as  to  be 
difficult  of  ascent.  The  formation  as  shown  there  appears  to  l)e  com- 
posed very  largely  of  sandstone. 

A  characteristic  feature  of  the  Ijee  conglomerate  as  noted  in  several 
places  is  the  very  strong  cross-bedding  within  50  feet  of  the  top. 
This  is  well  exposed  at  the  lower'  end  of  the  Breaks  about  3  miles 
above  Elkhorn  City.  Here  between  horizontal  beds  of  coarse  sand- 
stone from  5  to  6  feet  apart  are  sandstone  strata  a  foot  thick,  dipping 
westward  at  an  angle  of  20"^. 
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There  arc  said  to  be  two  or  three  small  coal  beds  in  the  Lee,  but  the 
writer  did  not  see  any  in  this  district.  It  is  reported  on  good  au- 
thority that  a  2-foot  bed  outcrops  at  tlie  mouth  of  Grassy  Creek  and 
also  in  the  fxovge  three-quarters  of  a  mile  below,  but  the  former  was 
not  found  when  sought  and  the  latter  is  said  to  be  exposed  at  only 
low  stages  of  the  river. 

COAL-nEARINO   ROCKS. 

Immediately  above  the  Lee  conglomerate  there  is  a  series  of  sand- 
stones and  shales  about  2,000  feet  thick,  which  will  be  described 
in  this  report  as  the  coal-bearing  rocks,  because  they  contain 
all  the  workable  coals  and  because  data  has  not  been  obtained  suf- 
ficient for  dividing  them  into  formations.  In  the  Estillville  and 
Bristol  folios  of  the  (leologic  Atlas  of  the  United  States,  which  con- 
tain descriptions  of  coal  areas  south  of  this  in  Virginia,  rocks  1,200 
feet  thick  overlying  the  Jak^  are  (;alled  the  Norton  formation  and 
are  overlain  by  the  Gladeville  sandstone  and  Wise  formation.  It 
is  probable  that  in  the  Elkhorn  region  rocks  several  hundred  feet 
thick  above  the  Lee  belong  to  the  Norton  formation  as  described 
in  Virginia,  but  the  upper  limit  of  the  Norton  was  not  definitely 
recognized,  and  as  it  is  ])ossible  that  there  is  considerable  thinning 
of  the  formations  in  this  direc^tion  it  seems  best  in  this  i*econnaissance 
rei)ort  to  make  no  attempt  at  a  division  of  the  coal-bearing  rocks 
into  formations.  The  name  coal-bearing  r(K*ks  in  this  report  refers 
to  the  series  of  sandstones,  shales,  and  coals  which  extend  from  the 
top  of  the  Iah»  conglcmierate  to  the  highest  rocks  outcropping  in 
tin*  Flat  woods  area. 

The  ('()al-l)earing  rotrks  form  the  surface  of  the  entire  region  here 
(lescrilKMl  cxcej)t  a  narrow  belt  along  the  north  side  of  Pine  Moun- 
<ain.  Short  sections  may  be  measured  almost  anywhere  in  the  field. 
but  sections  of  (')()()  or  S(H)  feet  can  he  seen  to  advantage  only  in  the 
Mull's  along  Kussell  Fork.  In  the  l)lutl'  at  the  mouth  of  Elkhorn 
(Vcck  the  rocks  are  exposed  fi'oni  the  top  of  the  Lee  to  the  Lower 
l^lkhorn  coal,  a  distance  of  about  SOO  fe**t.  Here,  as  elsewhere  in 
the  field,  clill's  are  formed  by  the  massive  sandstones. 

A  gcnci'alized  section  of  th(*se  I'ocks  mach*  up  from  measurements 
l:ik(Mi  in  (lilFerent  parts  of  the  held  and  averaged  represents  graphi- 
cally (fig.  '))  the  se(juence  of  the  rocks.  It  should  be  understood 
that  the  sandstones  are  ma>sive,  thin-bedded,  and  shaly,  and  the 
shales  arc  e(jually  vai'iable.  Furthermore,  the  beds  change  in  char- 
acter as  well  as  in  thickness  along  tluMr  lateral  extent.  These  facts 
necessarily  make  a  s<»ction  intended  to  I'epresent  the  wdiole  field 
niei-ely  a  suggestion  of  th(»  secjuence  of  rcK'ks  which  is  not  to  be  relied 
upon  as  everywhere  true.  The  section  shows  that  the  lower  400  feet 
is  moiv  thin-bedded  and  shaly  than  the  ()00  feet  lying  next  above; 
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and  it  makes  plain  that  the  upper  1,000  feet  is 
more  sandy  and  the  beds  are  more  massive  than 
the  lower  1,000  feet.  Workable  coal  beds  are 
largely  in  the  lower  half  of  tlie  formation. 

The  bottom  member  is  a  30-  to  50-foot  bed  of 
dark  shale  w^hich  rests  upon  Lee  conglomerate. 
The  road  from  Elkhorn  City  to  the  Breaks  is 
cut  in  this  shale  much  of  the  way.  Above  it  lies 
a  20- foot  bed  of  massive,  yellowish-gray  quartz-  . 
ose  sandstone,  which  is  to  be  seen  only  on  Rus- 
sell Fork  and  the  low^er  part  of  Elkhorn  Creek. 
It  makes  a  strong  ledge  which  passes  below 
water  level  just  below  the  mouth  of  Beaver 
Creek.  A  coal  bed  averaging  30  inclies  thick 
and  known  locally  as  the  Elsw^ick  bed  lies  on 
top  of  this  sandstone. 

Next  above  this  is  GO  or  70  feet  of  shale  w^hich 
carries  large  calcareous  nodules.  Some  of  these 
nodules  are  1  to  3  feet  in  diameter.  They  occur 
at  certain  horizons  rather  than  scattered  through 
the  whole  shale  bed.  A  secticm  near  the  mouth 
of  Moores  Branch  shows  over  80  feet  of  this 
shale,  but  a  short  distance  farther  down  the 
railroad  there  is  a  10- foot  bed  of  sandstone  in 
the  midst  of  it.  Tlie  shale  between  the  Elswick 
coal  and  this  sandstone  is  almost  black,  of  a 
somewhat  lumpy  character,  and  carries  a  few 
marine  fossils. 

A  40-foot  massive  sandstone  occurs  150  feet 
above  the  Lee;  then  comes  50  feet  of  thin  sandy 
beds  and  a  25-foot  massive  bed  of  sandstone, 
above  which  lies  the  Auxier  coal.  This  coal  is 
about  3  feet  thick  and  is  overlain  by  IGO  feet 
of  thin-bedded  shales  and  sandstones,  in  the 
middle  of  which  is  sometimes  found  a  1-fool 
coal  bed.  The  upper  part  of  tliis  interval  may 
in  places  be  occupied  by  massive  rather  than 
thin  sandstones. 

A  coal  which  is  at  many  places  of  workable 
thickness  lies  160  feet  above  the  Auxier  (!oal,  or 
440  feet  above  the  Lee  conglomerate.  This  bed 
is  opened  at  several  points  on  the  river  below 
Ferrell  Creek.  For  convenience  in  descrii)ti()n, 
it  will  be  called  the  Millard  coal,  for  it  has  been 
opened  at  a  number  of  places  near  Millard,  at 
the  junction  of  Bussell  and  I^evisa  forks. 
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Between  this  coal  and  the  one  next  above,  wh  |  |a  called  th& 
Bingham  bed,  there  is  150  feet  of  sandstone.^  |  w  portion  is 
thin-bedded  and  shaly,  while  the  part  just  i]nuer~'ui»  ^mgbam  eoal 
is  massive.  The  Bingham  bed  is  a  little-kno%vTi  vm\  about  30  inches 
thick,  which  has  been  opened  at  only  a  lew  placo.s.  p^or  conveniencafl 
in  description  the  writer  has  applied  to  this  co:il  t!m  nanio  of  a  num 
living  on  the  head  of  Ferrell  Creek,  who  opeat^il  a  pit  on  ihis  coal 
several  years  ago.  Sandstones,  mi  ^  and  ^luily.  io  n  tlnckne^ 
of  170  feet  lie  between  it  and  the  Lower  EUdioin  coal,  whicb  Lh  nesi 
above. 

The  Lower  Elkhom  coal  is  found  in-  this  i^e^ion  nhmit  ROO  ft*t^: 
above  the  Lee  conglomerate.  It  is  a  bed  of  ytirittl)1<'  thickness^ 
measuring  from  S  to  8  feet  An  average  of  M  ^ec-tion.s  talcen  at  m 
many  different  localities  gives  a  thickness  of  4  het  ^  inches  for  the, 
bed.  The  distance  between  the  Lower  and  T'pper  Elkliorn  \mU  U 
180  feet,  more  or  less.  Shale  or  thin-  Ided  sandstone  makes  !ij>  the| 
lower  part  of  this  interval,  while  rat  massive  sitndstont^  oceiipie 
the  upper  half.  This  makes  the  Upper  Elkfaorn  coal  about  9^0  fi 
above  the  base  of  the  formation. 

The  Upper  Elkhom  coal  is  from  8  to  9  feet  in  total  thickness.  Tt 
averages  about  4  feet  in  most  of  the  area.  Tlii^  i^  llie  tln^kt  si  of  tlic- 
workable  coals  occurring  extensively  throughout  the  field.  Twt)  Imia 
reported  as  above  the  Upper  PMkhom  are  so  hi^h  in  the  liilh  that  they 
have  been  prospected  but  little,  and  exposure's  wtn^  not  sci^n  l^y  tlvn 
writer.  One  of  these  is  said  to  be  80  feet  and  the  other  about  280 
feet  above  the  Upper  Elkhom  coal.  Each  will  yield  an  avenge 
thickness  of  3  feet  of  coal. 

Four  hundred  feet  of  rocks  above  the  Upper  Elkhom  coal  are  made 
up  about  equally  of  sandstone  and  shale.  Then  comes  a  massive, 
coarse-grained  sandstone  about  100  feet  thick,  which  is  exposed  at 
the  head  of  Cassell  Fork  of  Marrowbone  Creek.  Its  position  is  so 
high  that  it  overtops  the  hills  in  a  large  part  of  the  area  here  dis- 
cussed, and  is  seen  principally  in  the  Flatwoods  district.  Like  the  Lee, 
it  is  very  quartzose,  has  a  gray  weathered  surface,  and  may  possibly 
carry  small  quartz  pebbles,  although  none  were  seen  in  the  exposure 
on  Cassell  Fork.  This  sandstone  is  about  500  feet  below  the  upland 
level  known  as  the  Flatwoods. 

Above  this  sandstone  lies  a  series  of  coal-bearing  rocks  600  feet 
thick,  which  are  found  in  the  Elkhom  field  only  in  the  elevated 
region  between  the  heads  of  Elkhorn  and  Shelby  creeks.  The  detail 
of  these  beds,  as  measured  by  David  White,  is  as  follows:  At  ih» 
head  of  Cassell  Fork  a  17-foot  coal  bed,  known  as  the  Flatwoods 
coal,  has  been  opened  about  30  feet  above  the  massive  sandstone  just 
mentioned.    Above  this  coal  is  100  feet  of  thin-bedded  and  160  feet  of 
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massive  sandstone,  some  of  whicli  is  strikingly  pink  on  fresh  frac- 
ture. The  massive  sandstone  is  overlain  by  20  feet  of  shale,  above 
which  is  a  small  coal  bed.  Above  the  coal  is  110  feet  of  sandy  shale 
with  a  band  of  limestone  nodules  near  the  top.  Next  above  this,  or 
380  to  400  feet  above  the  Flatwoods  coal,  is  about  150  feet  of  maasive 
sandstone,  which  forms  a  cliff  around  the  edge  of  the  Flatwoods  area. 
A  coal  bloom  was  seen  about  40  feet  above  this  massive  sandstone, 
and  the  highest  rocks  noted  were  sandy  shale.  A  4-foot  coal  re- 
ported ^  about  580  feet  above  the  Flatwoods  coal,  close  to  the  top  of 
the  hill,  may  be  the  one  last  mentioned. 

STRUCTURE. 
IMPORTANCE  OF  DETllRM  I  NATION   OF  STRUCTURE. 

In  the  investigation  of  any  coal  field  one  of  the  principal  questions 
to  be  answered  is,  What  is  the  position  of  the  coal  l)eds;  are  they 
flat,  folded,  or  strongly  inclined  from  the  horizontal?  This  knowl- 
edge is  as  important  as  a  knowledge  of  the  quality  of  the  coal.  In 
the  first  place,  to  the  prospector  a  knowledge  of  the  structure  serves 
as  a  guide  for  tracing  the  outcrops  of  the  beds.  If  the  structure  is 
flat,  then  the  coal  should  be  found  at  the  same  elevation  on  both 
sides  of  the  hill  or  valley;  if  it  dips,  then  the  coal  may  he  expected 
at  a  lower  or  higher  elevation,  according  as  the  dip  is  with  or  opposed 
to  the  direction  of  advance.  In  the  location  of  mines  a  knowledge 
of  the  structure  of  the  field  as  a  whole  is  invaluable  for  their  success- 
ful development  and  operation.  An  outcrop  entry  or  a  shaft  should 
be  so  located  that  there  will  he  natural  drainage  to  it;  in  other 
words,  entry  on  a  coal  bed  should  lyegirx  at  the  lowest  point.  Tliis  is 
essential  to  facilitate  drainage  and  the  delivery  of  loaded  cars  from 
the  brea.st  to  the  mouth.  Having  a  knowledge  of  the  structure,  an 
engineer  can  lay  out  his  mine  before  breaking  ground. 

That  the  rocks  do  not  lie  flat  in  this  field  is  seen  readily  by  noting 
how  the  Elswick  coal  dips  below  the  railroad  at  Moores  Branch ;  it  is 
shown  by  the  way  some  coal  banks  drain  in  and  others  drain  out. 

METHOD  OF  DETERMINING  AND  REPRESENTING  STRl'CTl^RE. 

The  method  usually  employed  in  working  out  the  structure  of  a 
coal  field  where  the  rocks  have  not  been  excessively  disturbed  is  to 
select  some  conspicuous  member  of  the  formation  and  obtain  its 
actual  or  relative  elevations  by  aneroid,  hand  level,  or  spirit  level  at 
as  many  points  as  possible  or  necessary  throughout  the  area.  The  re- 
lation of  the  reference  stratum  to  any  particular  coal  bed  being 
known,  and  the  interval  between  the  l)eds  being,  presumably,  practi- 

•  CnmdalU  A.  B.,  CoalB  of  the  Big  Sandy  Valloy  :  Kentucky  Gool.  Survoy  Bv\U,  ^c*.  ^, 
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cally  constant  over  a  limited  area,  the  lay  of  ih»  ooal  a  be  wosfad 
out  from  the  elevations  on  the  reference  stratom.  Stm  store  may  be 
represented  by  cross  sections  or  by  contour  line&  The  latter  meibod 
gives  the  information  much  more  completely  than  is  posBtUe  irith 
crops  sections  and  is  being  conmionly  used.  Contours  are  Hues  ogfL- 
ne^ing  points  of  equal  elevation  on  an  inclined  sur&oe.  Th^y  i 
both  the  direction  and  rate  of  dip  or  inclination  of  the  bed 
they  are  intended  to  represent.  The  contours  on  the  map  (PL  I,in 
pocket)  are  drawn  from  data  on  the  map  of  the  Elkfaom  fidd  nu3» 
for  the  Big  Sandy  Company  by  E.  Y.  d^villiers.  In  his  surrey 
D'Invilliers  prospected  for  the  Lower  Elkhom  ooal  and  obtained  its 
elevation  above  sea  level  by  vertical  angles  wherever  it  was  foond* 
With  the  information  thus  obtained,  he  represented  the  stmcture  on 
his  map  by  20-foot  contour  lines.  The  structure  given  by  Dlhvillien 
was  checked  as  far  as  possible  by  the  writer,  and  the  result  is  mmcii 
more  accurate  than  any  that  could  have  been  obtained  with  an  anenn^ 
barometer  in  the  course  of  a  reconnaissance  survey.  The  map  aooonih 
panying  this  report  is  on  a  smaller  scale,  and  50-foot  oontour  fines 
are  shown,  practically  reproducing  the  structure  as  determined  hf 
D'Invilliers,  with  some  changes  based  on  notes  by  the  author.  Ele<w 
tions  are  based  on  a  Chesapeake  and  Ohio  Railway  bench  mark  oh  a 
stump  at  the  mouth  of  Marrowbone  Creek,  736.99  feet  above  sea  lercL' 

CAUSE  OF  FOIJ)INO. 

Originally  laid  down  flat,  the  rocks  in  the  Elkhorn  coal  field  are 
now  inclined  and  slightly  folded.  This  folding  was  produced  by 
pressure  or  squeezing  of  the  earth's  crust.  The  position  of  the  rocks 
where  they  have  broken  and  one  side  has  overridden  the  other  indi- 
cates that  the  disturbance  resulted  from  a  lateral  thrust  from  the 
east.  Forty  or  more  miles  to  the  southeast,  in  the  Great  Appalachian 
Valley,  tlie  rocks  are  strongly  folded  and  faulted,  but  from  Sandy 
Ridge  westward  through  Pike  County  the  disturbance  and  crump- 
ling is  very  gentle,  except  for  the  break  along  Pine  Mountain.  The 
elFects  of  the  lateral  thrust  die  out  westward  until  they  become  recog- 
nizable only  by  close  leveling. 

STKIICTURE  OF  THE  COAL  FIEU>. 

Pine  Mountain  marks  a  great  break  in  the  rocks  forming  the 
earth's  surface.  Along  the  north  side  of  the  mountain  just  under 
the  crest  there  is  a  fault  which  raises  rocks  lying  normally  far  below 
the  coal  formation  to  the  surface  and  thrusts  them  up  over  the  coal 
measures.  How  great  the  disturbance  has  been  is  shown  by  Uie 
position  of  the  Lee  formation,  which  is  over  1,000  feet  thick.    The 
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top  of  this  formation  is  just  above  water  at  the  mouth  of  Elkhom 
Cceek,  while  the  bottom  of  it,  on  the  opposite  side  of  the  fault,  h«s 
beftD  shoved  up  until  it  marks  the  crest  of  the  mountain  at  Blowing 
Roek  and  Pound  gaps.  In  fact,  at  Blowing  Rock  the  conglomerate, 
wliich  is  the  base  of  the  Lee  formation  and  which  is  more  than  1,000 
feet  below  the  surface  at  Jilkhorn,  is  slightly  above  the  gap. 

The  displacement  at  Blowing  Rock  Gap  is  probably  more  than 
2,000  feet,  but  it  may  not  exceed  1,000  feet  at  the  Breaks  of  Sandy 
und  seems  to  decrease  rapidly  from  there  northward,  becoming  per- 
haps merely  a  plunging  anticlinal  fold  near  the  head  of  Grassy 
Creek. 

Because  of  the  drag  of  the  overthrust,  the  rocks  on  tlie  north  side 
of  the  fault  for  a  few  rods  are  overturned.  This  can  be  seen  in  the 
Breaks  of  Sandy,  where  a  diagrammatic  section  is  shown  in  the 
rcK!ky  gorge.  Rocks  approaching  the  fault  in  a  nearly  horizontal 
attitude  are  turned  up  and  over,  and  stand  now  at  an  angle  of  70°. 
Farther  south  along  the  mountain  these  rocks  seem  to  be  overridden 
so  far  that  their  overturned  edge  is  hidden  beneath  the  mountain. 

From  the  face  of  the  fault  scarp  on  Pine  Mountain  to  Elkhom 
Creek  the  rocks  have  a  strong  westward  dip.  Thence  through  the 
eastern  Kentucky  coal  field  there  is  a  general  decrease  in  elevation 
to  the  west.  Although  there  is  a  predominant  dip  in  one  direction 
the  rocks  are  slightly  waved  or  folded,  and  these  minor  features 
rather  than  the  general  structure  of  the  region  are  of  the  greatest 
importance  to  mining  operations.  It  will  be  seen  by  the  structure 
lines  in  red  on  the  accompanying  map  (PL  I)  that  the  Lower  Elk- 
horn  coal,  which  is  the  surface  represented  by  the  contour  lines,  is 
1,740  feet  above  sea  level  on  the  right  fork  of  Beaver  Creek,  and  is 
nearly  500  feet  lower  at  the  mouth  of  Russell  Fork.  Although  the 
dip  is  very  regular  along  the  river  there  is  a  small  basin  or  syncline 
extending  from  the  head  of  Cassell  Fork  in  a  north-northwest  direc- 
tion to  Daniels  Creek  and  parallel  with  it  an  arch  or  anticline  that 
can  be  traced  easily  from  Shelby  Gap  to  the  head  of  Wolfpit  Fork. 
In  the  western  portion  of  the  territory  the  dip  is  very  regular  to  the 
west  at  75  feet  to  the  mile.  The  inclination  of  the  coal  beds  scarcely 
exceeds  125  feet  per  mile  in  any  locality. 

The  position  of  the  anticline  with  relation  to  Marrowbone  Creek 
is  such  as  to  facilitate  mining  operations  on  both  sides  of  the  creek, 
giving  natural  drainage  and  easy  grades  for  haulage  in  the  mines. 
The  determination  of  structure  in  advance  of  actual  mining  is  recog- 
nized to  be  of  prime  importance  in  the  selection  and  development 
of  coal  properties. 
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CORRELATION  OF  BLKHORN  COALS. 
By  David  White. 

The  equivalents  of  the  Elkhorn  coals  in  the  region  to  the  north- 
west of  the  junction  of  Ijevisa  and  Russell  forks  of  Big  Sandy 
River  have  not  been  worked  out  completely.  Owing  to  the  snowy 
weather  incident  to  the  lateness  of  the  season,  field  work  in  eastern 
Kentucky  in  1906  was  temiinated  before  the  geologic  section  had  been 
carried  to  the  Russell  Fork  basin  so  as  to  tie  definitely  with  the  key 
rocks  of  that  area.  The  probable  economic  horizons  were  traced, 
both  paleobotanically  and  stratigraphically,  from  the  Kenova  quad- 
rangle on  the  Ohio  River  to  Pikeville.  Above  Pikeville  but  little 
stratigraphic  profiling  was  accomplished  and  but  few  fossils  were 
collected  for  the  reasons  stated  above.  Consequently,  in  view  of 
the  incompleteness  of  the  work  and  the  lack  of  adequate  data,  I  am 
obliged  to  propose  only  tentative  and  preliminary  correlations, 
leaving  the  final  and  absolute  determination  or  verification  until 
the  data  may  l)e  sufficiently  amplified  through  additional  paleonto- 
logic  or  stratigraphic  information. 

Under  the  conditions  prevailing  at  the  close  of  the  season  it  was 
possible  to  give  but  a  porticm  of  a  single  day  to  the  collection  of 
material  from  the  Elkhorn  coals  in  the  Russell  Fork  region.  This 
material,  gathered  from  the  upper  and  lower  beds  worked  at  the 
Pike  mine,  at  the  head  of  the  railroad  spur  along  Marrowlwne  Creek, 
leaves  jnuch  to  be  desired,  for  altliough  the  material  is  richly  fossilif- 
orous  the  rock  dump  of  the  mine  was  so  deeply  covered  with  snow 
as  to  make  collecting  most  difficult  and  inconclusive. 

Although  subsequent  and  more  adequate  collect i(ms  may  seriously 
modify  these  tentative  correlations  it  appears  prob.^ble  from  the 
paleobotanical  data  in  hand  that  the  upper  IhhI  at  the  Pike  mine — the 
Upper  Elkhorn — is  the  same  as  the  coal  worked  on  Ferguscm  Branch 
and  Lower  Chloe  Crwk  near  Pikeville.  Similarly,  the  fossils  oh- 
tiiined  from  the  Lower  Elkhorn  coal  at  the  l^ike  mine  seem  to  repre- 
sent the  flora  of  the  lower  or  Syck  coal,  worked  for  local  consump- 
tion on  l^)wer  Chloe  Creek  near  IMkeville.  I  expect  that  further 
paleobotanical  work  in  the  region  will  confirm  these  correlations, 
wliit'h  must,  however,  for  the  pres(»nt  be  regarded  as  provisional. 

Assuniina:  the  reference  of  the  Elkhorn  coals  to  be  correct  the 
following  correlations  will  obtain.  The  sandstone  innnediately  or 
but  a  very  short  distance  above  the  Elkhorn  coal  is  a  fairly  well 
niarlced  stratigraphic  member,  becoming  very  distinct  in  the  region 
of  Paintsville,  where  it  overlies  the  Paintsville  (or  I^rest(mburg)  coal 
and  is  clearly  traceable  to  its  point  of  disappearance  near  River 
station.-  The  Ferguson  Branch  coal,  which  I  believe  to  be  the  same 
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as  the  Upper  Elkhorn  coal,  lies  in  the  upper  part  of  a  thin  band  of 
shales  carrying  locally  workable  beds  all  the  way  from  Pikeville  to  its 
disappearance  below  water  level  at  River  station.  The  Paintsville 
coal  lies  at  the  top  and  the  coal  worked  at  Harold  and  opened  at 
sevenil  other  points  lies  at  tlie  base  of  this  thin  belt  of  carbonaceous 
shales,  which  seldom  exceeds  45  feet  in  thickness.  To  this  horizon 
belongs  the  coal  o})ened  on  Stonocoal  Run  at  Wagner  and  at  Hemlak. 
The  heavy  sandstone  underlying  this  thin  shale  is  continuous  to  its 
disappearance  below  Buffalo  station,  and  throughout  inost  of  its 
exposure  is  characteristically  massive,  gnarly,  and  frequently  in  a 
very  uneven  basal  contact  with  underlying  blue  argillaceous  shales. 
It  is  finely  exposed  along  Levisa  Fork  in  the  vicinity  of  Dwale,  from 
which  it  might  appropriately  receive  its  name. 

The  Syck  coal,  to  whose  horizon  I  tentatively  refer  the  Lower 
Elkhorn  coal,  lies  above  another  heavy  sandstone,  well  exposed  in 
the  banks  of  the  river  and  along  the  railroad  track  at  the  lower 
end  of  Pikeville.  To  this  sandstone,  which  first  rises  »l)()vo  the 
railroad  track  a  short  distance  below  the  twenty-fifth  milepost,  or 
about  1^  miles  below  Pikeville,  probably  belongs  a  ledge  showing 
in  the  sides  of  the  valley  below  theJevel  of  the  Lower  Elkhorn  coal 
near  the  Pike  mine.  Like  the  sandstone  describtnl  above,  it  is  readily 
susceptible  of  mapping  to  its  point  of  disappearance. 

Granting  that  the  above  correhition  of  the  Elkhorn  coals  is  cor- 
rect, it  becomes  probable  that  the  group  of  sandstones  about  400 
feet  above  the  Upixn*  Elkhorn  coal  in  the  slopes  of  the  Flatwoods 
at  the  head  of  Marrowbone  Creek  is  continuous  with  that  associated 
with  the  Leslie  coal  near  Pikeville  and  the  old  Peach  Orchard  coal 
in  the  vicinity  of  Richardson.  T  regard  it  as  a  member  which  may 
be  readily  mapped  along  I^evisa  Fork  to  its  point  of  entrance  into 
the  Kenova  quadrangle,  where  it  falls  within  the  l^ottsville  forma- 
tion. 

It  was  not  practicable  to  attempt  to  determine  paleobotanically 
the  boundary  between  the  l^ottsville  and  the  Allegheny  formation  in 
the  Flatwoods  region.  I  can  only  add  that  within  the  limited  time 
available  on  the  occasion  of  a  hasty  climb  to  the  Flatwoods  summit, 
the  few  fossil  plants  gathered  from  the  roof  of  the  great  bed  of  coal 
known  as  the  Flatwoods  coal,  which  lies  about  550  feet  above  the 
Upper  .Elkhorn  coal,  distinctly  show  the  Pottsville  age  of  the  bed, 
i-eferring  it  to  the  Kanawha  formation,  and  leave  no  room  for  doubt 
as  to  the  Pottsville  age  of  the  heavy  sandstone  ledge,  100  feet  or  more 
above  the  coal.  No  opportunity  was  offered  to  search  for  fossils  in 
beds  above  this  sandstone,  but  I  am  inclined  to  believe,  in  view  of 
the  age  of  the  big  coal  just  mentioned  and  of  the  ]>robable  expansiort 
of  the  Kanawha  formation  to  the  eastward,  that  the  sandstone  form- 
ing the  floor  of  the  Flatwoods  plateau  and  cropping  out  as  cliffs 
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around  the  brow  of  that  area  may  also  be  found  eventually  to  fall 
within  the  limits  of  the  Pottsville.  If  so,  they  will,  perhaps,  con- 
stitute the  uppermost  member  of  that  formation. 

The  present  state  of  knowledge  does  not  justify  a  correlation  of 
the  Elkhorn  with  the  coal  beds  in  the  Norton  or  Big  Stone  Gap 
region.  It  may,  however,  be  remarked  that  the  species  of  fossil 
plants  from  the  Lower  Elkhorn  appear  to  bear  a  close  relation  to 
such  material  as  I  have  been  able  to  secure  from  the  Banner  group 
at  Dorchester,  near  Norton. 

The  scanty  paleobotanical  evidence  in  hand  indicates  that  the  Elk- 
horn coals  belong  to  the  lower  portion  of  the  Kanawha  formation,  the 
Ferguson  Branch  (Pikeville)  coal  being  probably  at  or  near  the 
horizon  of  the  Peerless  or  Cedar  Grove  coals,  on  the  Kanawha 
lliver. 

The  designation  of  the  Paintsville  coal  as  "  Coal  No.  1 "  and  the 
application  of  numbers,  such  as  "  1 "  or  "  3,"  to  the  Elkhorn  coals  is 
both  erroneous  and  misleading.  Local  names  for  the  coals  are  far 
preferable  in  every  way.  The  application  of  a  numerical  nomen- 
clature to  the  beds  is  on  all  accounts  to  be  discouraged  locally  and 
should  be  abandoned  in  till  publications. 

ECONOMIC  GEOIiOGY. 

GENERAL   CHARACTER  AND   OCCURRENCE   OF   THE   COAL  BEDS. 

INTKODICTION. 

In  this  section  the  straligraphic  position  and  extent  of  each  of  the 
coal  beds  is  descrilxnl  in  order  to  give  the  reader  an  idea  where  each 
coal  is  to  be  found  and  how  much  of  the  territory  it  underlies,  and  to 
indicate  the  general  features  of  its  occurrence.  In  the  succeeding 
section  detailed  descriptions  of  the  various  beds  as  revealed  through- 
out the  lield  by  natural  exposure,  prospect  trenches,  pits,  and  mines 
will  be  given. 

Correlations  of  the  coal  openings  in  this  field  have  been  so  success- 
ful that  it  is  possible  to  trace  all  of  the  workable  beds  with  consider- 
able certainty  throughout  the  greater  i)art  of  their  extent  in  the 
region  here  discussed.  For  tliis  reason  it  would  be  possible  to  make 
each  coal  l)e(l  the  subject  of  a  separate  chapter,  describing  and  com- 
paring all  the  occurrences  of  that  particular  coal.  It  seems  desirable, 
liow(»ver,  for  the  convenience  of  those  who  may  make  use  of  this 
I'cport,  and  esj)ecially  for  those  who  may  visit  or  live  in  the  field,  to 
describe  under  one  heading  all  the  coals  in  any  one  locality.  By 
this  method  one  can  find  what  coals  occur  on  any  particular  creek 
without  examining  several  parts  of  the  rej)ort.  The  description  by 
Joailities  lias  the  disadvantage  of  not  giving  a  continuous  view  of 
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any  one  coal  bed,  but  this  may  be  remedied  somewhat  by  the  grouping 
of  sections  of  the  same  coal  in  one  illustration. 

ELSWICK  COAL. 

Lying  50  to  75  feet  above  the  top  of  the  I^e  conglomerate  and 
resting  on  a  bed  of  massive  sandstone  from  20  to  30  feet  thick  is  a 
workable  bed  known  locally  as  the  Elswick  coal.  Being  strati- 
graphically  the  lowest  of  the  coals  in  this  field,  the  Elswick  has  the 
shortest  outcrop.  It  rises  above  the  waters  of  Russell  Fork  close  to 
the  mouth  of  Little  Creek  about  1  mile  below  Elkhorn  City,  and 
keeps  above  the  river  to  the  fault  at  Grassy  Creek,  a  distance  of  4 
miles.  It  falls  below  the  level  of  filkhorn  Creek  between  the 
mouths  of  Big  Branch  and  Pond  Branch,  1  mile  above  Elkhorn 
City.  The  horizon  of  this  coal,  therefore,  underlies  practically  the 
entire  field,  but  whether  the  coal  exists  and  has  a  workable  thick- 
ness elsewhere  than  in  the  immediate  vicinity  of  the  short  outcrop 
just  described   is  yet 
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to  be  proved.     If  this      Beaver  Creek  Moores  Branch  Elkhorn  Creek, 

bed      is      everywhere       (nearrnouth)  (at  mouth)  Alec.Adkins 

present    beneath    the  |jjjj|j  ^^  i^^gpartV' 

surface   of   the   field, 
which      may      be      a 
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tion,  and  if  it  main- 
tains        an         average  Sandy  shale  24gg 

thickness  of  30  to  36 

inches,    then    the   ton-  p,Q    4.— Elswick  coal  sections. 

nage  of  the  Elswick 

bed  is  probably  nearly  equal  to  that  of  any  other  coal  in  the  field.  It 
may  be  considered  as  an  available  reserve,  but  will  not  be  mined  ex- 
tensively so  long  as  thicker  beds  outcrop  in  the  same  locality. 

AUXIER  COAL. 

At  a  distance  of  200  feet  above  the  I^h»  conglomerate  and  about 
500  feet  below  the  Lower  Elkhorn  coal  is  the  Auxier  coal.  It  usually 
rests  on  a  30-foot  sandstone  more  or  l(»ss  massive  in  character,  and 
is  overlain  by  shale.  This  bed  has  been  found  at  frequent  intervals 
along  the  creeks  in  this  area  and  is  recognized  with  some  degree  of 
certainty  by  its  size  and  relative  position  in  the  geologic  column. 

If  the  correlation  is  correct,  an  18-inch  coal  bed,  said  to  occur 
in  the  bed  of  Russell  Fork  at  the  mouth  of  Biggs  Branch,  is  the 
most  northern  outcrop  of  this  coal  in  the  Elkhorn  field.  Coal  at  the 
mouth  of  Lower  Lick  of  Ilarless  (^reek  and  at  Joe  Looney's  on 
Road  Creek  is  believed  to  be  the  Auxier,  and  openings  in  the  hol- 
40858— Bull.  348—08 3 
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lows  on  the  left  of  Ferrell  Creek  as  far  up  as  the  sdiooDioase  «i 
the  mouth  of  Spruoepine  Fork  are  tentatively  iisaigned  to  the  same 
bed.  Continuing  up  Russell  Fork  prospects  are  found  on  Beaver 
Creek,  Little  Creek,  and  three-fourths  of  a  mile  up  Moores  BrancL 
The  outcrop  has  been  traced  up  Elkhom  Creek  to  where  it  goes 
under  water  just  below  Kettlecamp  Branch,  and  althou|^  the  coal 
was  not  seen  on  Russell  Fork  above  Elkhom  City,  the  underljing 
rocks  were  traced  to  Grassy  Creek  and  a  coal  which  has  been  opened 
on  Trace  Fork  one-fourth  of  a  mile  above  Riley  CavinVi  place  was 
recognized  as  probably  being  the  Auxier.  An  average  of  14  aectioDB 
gives  the  bed  a  thickness  of  2  feet  9  inches.  The  maxinnim  is  4 
feet  6  inches  and  the  minimum  1  foot  8  inches. 

HILLAHD  COAL. 


This  bed  has  been  opened  in  several  places  near  the  confluenei'  of 
Levisa  and  Russell  forks  and  is  known  there  as  ^  The  Forks ''  bed, 
Obviously  this  is  not  a  desirable  name  to  perpetuate,  and  the  name 
Millard,  which  is  the  name  of  the  post-office  at  the  fork^,  is  adcpitKl 
for  facilitating  description  and  reference.  The  coal  is  450  fe^t  nhiw^ 
the  base  of  the  formation  and  300  to  860  feet  below  the  Lower  Elk- 
horn.  It  lies  usually  under  a  massive  sandstone  and  on  top  of  either 
sandstone  or  shale.  Although  the  bed  has.  an  avei^age  thickness  of 
eS  feet,  the  amount  of  available  coaFis  barely  2  feet,  on  account  of  the 
clay  partings. 

The  distribution  of  this  coal  in  the  area  here  described  has  not 
been  determined  so  well  as  has  that  of  the  other  beds.  This  is  be- 
cause it  is  unimportant,  scarcely  to  be  classed  as  workable,  and  there- 
fore it  has  been  prospected  but  little.  It  is  possible  that  in  a  de- 
tailed survey  of  the  region  the  uutcrop  could  be  traced,  but  in  rec<m- 
naissance  work  of  this  sort  it  could  not  be  mapped  with  thorou^- 
ness.  The  map  (PI.  I,  in  pocket)  shows  the  outcrop  of  this  coal  ex- 
tending from  Millard,  alonir  the  river,  up  Powell  Creek  to  Lick 
Fork,  over  a  mile  up  Biggs  Branch,  and  running  up  both  forks  of 
Daniels  C^reek.  It  is  seen  on  Harless  and  Jimmie  creeks,  on  Road 
Creek  at  Isam  Fork  and  the  mouth  of  Middle  Fork,  and  on  Fer- 
rell Creek  at  the  mouth  of  Bingham  Fork.  On  Marrowbone  Creek 
this  coal  is  open  in  several  places,  and  is  best  seen  at  the  Marrow- 
bone mine,  where  there  is  a  pit  a  few  rods  east  of  the  tipple.  The 
coal  also  shows  in  the  railroad  cut  near  Johnson  Fork.  It  was  not 
seen  on  Elkhorn  Creek. 

BINGHAM   COAL. 

This  coal  w^as  rec^ognized  by  the  writer  as  one  not  previously  d^ 
scribed.     Its  position  is  approximately  180  feet  below  the  Lower 


COAL  BEDS.  35 

Elkhorn  coal  and  in  the  midst  of  sandstone.  It  was  first  noted  at 
E.  B.  Bingham's  place,  on  Ferrell  Creek,  and  later  seen  on  Powell 
Creek  and  under  the  incline  at  the  Marrowbone  mine.  The  expo- 
sures are  so  few  that  a  connected  line  of  outcrop  can  not  be  shown  on 
the  map.  The  bed  varies  according  to  4  sections  from  2  feet  6  inches 
to  4  feet  5  inches  in  thickness. 

IX)WEK   ELKIIOKN    COAL. 

Thorough  prospecting  for  this  bed  in  all  parts  of  the  field  by  both 
i-esidents  and  investors  has  brought  to  light  more  information  con- 
cerning the  Lower  Elkhorn  than  any  other  coal  in  the  region.  Pros- 
pect trenches  have  been  cut  to  the  crop  at  short  intervals  in  much  of 
the  field,  small  pits  kept  oi^)en  by  timbering  are  plentiful,  and  five 
mines  show  the  character  of  the  bed  under  cover.  Under  these  con- 
ditions it  can  be  traced  from  point  to  point  with  considerable  cer- 
tainty. The  line  on  the  map  representing  the  outcrop  is  taken  from 
the  map  of  d'Invilliers  and  is  considered  accurate,  part  of  it  having 
been  run  by  stadia.  On  the  map  (PL  I)  the  boundaries  of  coal  areas 
where  shown  by  solid  lines  are  regarded  as  more  accurate  than  where 
shown  by  dotted  lines. 

The  Lower  Elkhorn  coal  is  between  750  and  800  feet  above  the  I^ee 
conglomerate.  As  described  in  the  chapter  on  stratigraphy,  it  usu- 
ally crowns  a  more  or  less  massive  sandstone,  which  may  be  from  20 
to  60  feet  thick,  and  it  is  overlain  by  shale  or  thin-bedded  sandstone. 
The  underlying  sandstone  serves  in  some  places  as  a  guide  to  the  loca- 
tion of  the  coal,  making  a  ledge  on  top  of  which  the  coal  should  be 
found. 

This  coal  is  always  high  above  the  main  drainage  and  passes  below 
water  level  only  close  to  the  heads  of  the  streams.  Its  altitude  above 
Kussell  Fork  is  from  500  to  800  feet,  and  as  the  dips  are  not  strong 
the  outcrop  extends  up  the  side  valleys  to  their  very  heads.  As  will 
be  seen  by  the  accompanying  map,  the  outcrop  of  the  coal  delineates 
every  valley,  and  is  found  throughout  the  field  except  on  the  south 
side  of  Elkhorn  Creek.  For  this  reason  no  further  description  of 
the  distribution  is  deemed  necessary.  Although  the  coal  is  several 
hundred  feet  above  the  river,  it  is  not  so  high  but  that  the  hills  rise 
considerably  above  it  and  leave  an  extensive  body  of  coal  with  con- 
siderable cover.  The  Lower  P^lkhorn  bed  appears  to  be  of  workable 
thickness  throughout  the  field,  averaging  over  4  feet.  There  is,  how- 
ever, a  feature  of  this  bed,  so  common  in  most  of  the  field  as  to  be 
characteristic,  which  greatly  reduces  its  value  from  a  mining  stand- 
point and  leaves  only  three-fourths  of  the  bed  to  be  reckoned  as  avail- 
able fuel.    This  unfortunate  feature  is  the  so-called  laminated  coal. 

"  Laminated  "  is  a  term  applied  to  bony  coal  which  is  composed 
of  alternating  lamella?  of  bone  and  bright  coal.    The  streaks  of  bone 
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give  strength,  so  that  it  mines  in  hard,  flat  slabs,  but  they  also  make 
it  high  in  ash.  In  the  Elkhorn  field  the  tewn  is  applied  also  to  the 
soft,  flaky,  slickensided  coal  which  emits  a  dull  sound  when  struck 
and  which  breaks  into  small  chips  when  mined.  The  true  laminated 
and  the  crushed  flaky  coal  occur  commonly  in  the  Lower  Elkliorii 
bed  in  this  field  and  are  found  also  in  the  Upper  Elkhom  bed. 

Bony  and  flaky  coal  usually  forms  the  upper  part  of  the  Lower 
Elkhorn  bed,  but  it  may  be  in  the  middle  and  overlain  by  solid  block 
coal.  The  flaky,  crushed  material  usually  exceeds  the  bony  coal  in 
thickness.  In  this  report  the  term  "  laminated  "  coal  refers  to  the 
bony,  flaky  portion  of  the  beds,  in  accordance  with  the  usage  in 
the  field  described. 

The  soft  and  flaky  portion  of  the  Elkhorn  beds  breaks  into  chips, 
wliich  have  many  smooth,  polished  surfaces;  it  may  have  schistosity 
developed  in  it  parallel  or  oblique  to  the  normal  bedding,  and  in 
places  is  rolled  and  twisted  into  a  rumpled  mass,  which  is  strikingly 
different  in  appearance  from  a  normal  bed  of  bituminous  coal.  It 
appears  to  have  been  subjected  to  crushing  between  laterally  moving 
strata,  and  in  that  respect  resembles  the  Widow  Kennedy  coal  bed 
as  exposed  at  Dante  and  other  places  in  Virginia.  The  crustal 
strain  which  found  relief  in  the  Pine  Mountain  fault  probably  was 
partly  taken  up  in  the  Lower  Elkhorn  coal.  Whether  the  over- 
thrust  at  the  fault  produced  a  single  westward  movement  of  a  few 
inches  in  the  beds  down  to  the  Lower  Elkhorn  coal  or  whether 
llie  movement  was  a  forward-and-back  jarring  motion  is  not  certain, 
but  it  seems  plausible  that  the  broken  condition  of  the  upper  part 
of  this  bed  was  produced  by  slight  lateral  movement  of  the  overlying 
beds. 

The  laminated  coal  ignites  quickly  and  burns  readily  under  a 
strong  draft,  but  it  is  high  in  ash,  and  for  that  reason  and  because  so 
much  of  it  breaks  down  to  slack  on  handling  it  is  undesirable  as  a 
stcjuning  coal.  The  exj)erience  of  the  companies  operating  on  Mar- 
rowbone Creek  has  been  that  the  inclusicm  of  the  laminated  coal  in 
run-oi'-niine  shij)nients  was  objectionable  to  their  customers,  as  it 
gave  them  a  fuel  with  an  undesirably  large  amount  of  slack  and 
clinker. 

Tlic  coninion  section  of  this  bed  on  ^larrowbone  Creek  is  30  to  30 
iiirlies  of  solid  coal  overlain  by  D  to  "20  inches  of  laminated  coal.  If 
the  lamination  is  due  to  movement,  it  would  be  natural  to  expect  that 
it  would  disa])])ear  to  the  west  with  increasing  distance  from  Pine 
^fountain  fault.  The  evidence  on  this  point  noted  by  the  writer  is 
that  the  greatest  thickness  of  laminated  coal  is  on  Big  Branch  of 
Klkliorn  Creidc,  which  is  near  the  fault,  and  that  there  is  little  or 
no  lamination  apparent  in  the  few  openings  seen  on  Rockhouse  and 
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Wolfpit  creeks.  A  coal,  probably  correspondin|r  to  the  Lower  Elk- 
horn,  mined  in  the  John  Robinson  bank  on  Pompey  Creek  H  miles 
north  of  J^Iillard,  shows  no  lamination. 

ITPEK    ELK  HORN    CX).VL. 

The  position  of  this  bed  is  from  160  to  190  feet  above  the  Ix>wer 
Elkhom  or  900  to  1,000  feet  above  the  I^^ee  contrlomerate.  It  is  in  a 
portion  of  the  geologic  column  that  is  made  up  largely  of  heavy- 
bedde<l  or  massive  sandstone.  Geographically  it  is  locate<l  in  the 
high  land,  being  from  700  to  900  feet  above  Russell  Fork,  and  there- 
fore near  the  tops  of  the  ridges  along  the  river.  Between  Russell 
and  I^\4sa  forks  this  coal  occurs  only  in  long  narrow  bodies  in  the 
crests  of  the  divides,  but  west  of  Russell  Fork  the  dip  of  the  rix»ks 
brings  the  coal  down  so  that  it  underlies  broad  ai-eas  l>etween  Shelby, 
Marrowbone,  and  Elkhom  creeks.  It  can  be  found  throughout  the 
entire  region  by  going  high  enough  on  the  hills. 

East  of  Russell  Fork,  in  the  vicinity  of  Ferrell  Creek,  the  Upper 
Elkhom  coal  ranges  from  5  to  7  feet  thick,  with  only  4  to  8  inches  of 
waste.  On  Marrowbone  Creek  9  sections  give  an  average  of  3  feet 
10  inches  for  the  thickness  of  the  bed,  and  3  feet  2  inches  of  this  is 
the  average  amount  of  marketable  coal.  The  range  in  thickness  of 
the  whole  bed  on  this  creek  is  from  2  feet  10  inches  to  5  feet  and  of 
the  solid  coal  from  2  feet  5  inches  to  4  feet  4  inches. 

At  the  head  of  Elkhorh  Creek,  where  the  Upper  Elkhorn  attains 
extraordinary  development,  the  thickness  of  the  entire  bed  at  7 
localities  ranges  from  7  feet  8  inches  to  9  feet  4  inclies,  with  an 
average  of  8  feet  7  inches.  The  amount  of  marketable  coal  in  this 
bed  around  the  head  of  Elkhorn  Creek  averages  7  feet  9  inches. 

Twenty  sections  from  all  parts  of  the  field  give  the  Upper  Elk- 
hom an  average  thickness  of  6  feet,  but  the  average  amount  of 
marketable  coal  is  only  5  feet  4  inches.  It  should  be  borne  in  mind, 
however,  that  7  of  these  sections  are  from  a  very  small  part  of  the 
field  where  the  bed  is  exceptionally  large.  The  other  M\  sections, 
which  represent  more  nearly  the  normal  condition  through  much 
the  greater  part  of  the  field,  gives  an  average  thickness  of  4 J  feet  for 
the  whole  bed. 

FLATWOODS    COAL. 

The  Flatwoods  coal  is  approximately  1,500  feet  above  the  Loe  con- 
glomerate. Its  altitude  is  so  great  that  it  (XTupies  only  two  snuill 
areas  of  the  greatest  elevation  in  the  field.  The  larger  area,  whicli 
has  an  irregular  shape,  lies  at  the  head  of  Marrowbone  Cr(M»k  and 
the  smaller  one  is  at  the  head  of  Poorbottom  ("reek.  They  contain 
about  2,300  acres.     The  thickness  of  the  bed  around  the  head  of 
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Cassell  Fork  varies  from  14  to  18  feet.  Only  the  upper  7  feet  of  the 
bed  can  be  mined  advantageously,  the  lower  portion  being  in  large 
part  heavy  bands  of  clay. 

DETAILED  DESCRIPTIONS. 
INTRODUCTION. 

In  this  section  the  occurrence  of  the  coals  as  they  are  expased  in 
natural  outcrop,  prospect  trenches,  pits,  and  mines,  is  fully  de- 
scribed. The  description  of  the  coals  is  arranged  by  creeks.  Each 
coal  bed  in  a  creek  basin  is  discussed  separately,  beginning  with  the 
lowest.  As  descriptions  of  the  creek  areas  do  not  include  a  few 
exposures  along  Russell  Fork,  these  are  given  under  the  heading  of 
the  nearest  main  creek  on  the  same  side  of  the  river.  That  part  of 
the  field  on  the  east  side  of  the  river  is  described  first.  It  is  customary 
in  this  region  to  speak  of  the  branches  and  sides  of  a  stream  as 
"  right "  or  "  left "  as  they  are  encountered  in  going  upstream^  and 
that  usage  is  followed  in  this  report. 

The  graphic  sections  are  arranged  in  groups,  so  that  all  sections  of 
any  one  coal,  as  far  as  possible,  are  in  the  same  figure. 

POWELL  CREEK  AND   MILIAR!). 

Geologic  section, — The  rock  exposed  at  water  level  from  the  mouth 
of  Powell  Creek  to  Millard,  or  "  The  Forks,"  is  shale,  which  is  be- 
lieved to  lie  close  above  the  Auxier  coal.  The  Millard  bed  is  about 
175  feet  above  the  river  and  is  in  the  midst  of  100  feet  of  sandstone. 
On  Powell  Creek  a  coal  bed  of  which  little  is  known  is  found  130  feet 
above  the  Millard,  and  the  Lower  Elkhorn  appears  to  be  340  feet 
above  the  Millard.  Above  the  Lower  Elkhorn  at  vertical  distances 
of  1-25  and  200  feet  there  are  coal  beds  of  workable  thickness.  A 
j^artial  section  of  the  succession  of  rocks  in  this  vicinity  is  given  in 
the  columnar  section  sheet  (PL  III). 

MllJard  coal, — At  the  forks  of  Bi<j:  Sandy,  where  this  bed  is  called 
'*  The  Forks  ''  coal,  there  is  an  old  pit  in  the  hill  above  Al.  Iluff- 
niturs  house  on  the  northwest  side  of  the  river  about  175  feet  above 
the  water.  It  was  opened  many  years  aii^o  and  is  still  accessible 
because  the  overlying  sandstone  ledge  makes  an  excellent  roof.  Coal 
has  not  been  mined  here  for  some  years,  the  sup|)ly  for  the  neighbor- 
hood bcin<r  hauled  from  Pompey  Creek.  The  bed  (I)«  lies  between 
massive  sandstones  and  shows  23  inches  of  coal  with  a  few  inches  of 
shale  above  and  below. 

An  (>])ening  once  made  on  this  coal  l)ack  of  J.  W.  Ford's  store, 
which  is  also  Millard  post-office,  at  an  elevation  of  175  feet  above  the 
river,  is  caved,  but  is  reported  to  liave  shown  2  feet  of  coal.     Three 


"A  iiiinilK>r  in  parenthosis  rofors  to  tho  numlMT  of  a  grai)hic  s«'t'tion  in  a  figure  and  to 
th*»  location  of  tht»  same  section  on  the  map. 
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old  openings  near  the  schoolhouse  between  Millard  and  the  mouth  of 
Powell  Creek  developed  from  26  to  28  inches  of  clear  coal.  The 
Millard  bed  varies  slightly  in  thickness  on  Powell  Creek.  According 
to  report  it  is  22  inches  thick  in  a  small  draw  on  the  left,  about  one- 
fourth  mile  from  Policy's  store,  and  a  little  above  the  mouth  of  Lick 
Fork  is  18  inches  thick  (2). 

Bingham  coal. — Farther  up  the  main  creek  on  the  right  hillside, 
just  above  Mrs.  Hunter's,  is  an  entry  driven  in  40  feet  under  a  sand- 
stone roof  which  shows  (3)  a  3-foot  bed. 

Lower  Elkhom  coal, — ^In  the  first  hollow  on  the  left  of  Mead 
Fork,  one-fourth  mile  beyond  and  200  feet  above  Mrs.  Mead's  house, 
there  is  a  bank  from  which  coal  has  been  taken  recently.  It  is  at 
an  altitude  (aneroid  reading)  of  1,300  feet  and  is  regarded  as  the 
Lower  Elkhorn.  The  drift  has  been  driven  about  40  feet  S.  70°  E. 
and  drains  out.  The  roof  is  sandstone  and  the  floor  shale,  and  the 
bed  is  40  inches  thick  (4).  Laminated  coal  from  13  to  16  inches 
thick  forms  the  upper  part  of  the  bed  and  is  separated  from  the 
block  coal,  which  is  from  23  to  26  inches  thick,  by  a  one-fourth  inch 
bone  parting. 

On  the  right  bank  of  the  main  fork  of  Powell  Creek  about  three- 
fourths  mile  above  the  mouth  of  Mead  Fork  and  at  an  elevation  of 
1,300  feet  is  a  pit  opposite  a  cabin.  The  coal  has  been  dug  along 
the  outcrop  for  15  feet,  showing  a  sandstone  roof,  15  inches  of  lami- 
nated coal  (5)  and  20  inches  of  the  lower  bench.  The  whole  thick- 
ness of  the  bed  was  not  seen.  This  is  a  very  different  section  from 
that  in  the  John  Robinson  bank  on  Pompey  Creek,  where  the  bed 
is  4  feet  thick  and  is  all  solid  block  coal  except  4  inches  of  bone  10 
inches  above  the  floor. 

Upper  Elkhom  coal. — On  the  same  side  of  the  branch  and  135 
feet  higher  in  the  hill  is  a  prospect  which  shows  2  feet  8  inches  of 
solid  coal  with  a  one-fourth  inch  clay  streak  a  little  above  the  mid- 
dle. Thirty  feet  above  it  is  a  6-inch  coal  and  50  feet  higher  a  pros- 
pect shows  a  bed  over  4  feet  thick  (6).  Whether  this  bed  or  the  one 
80  feet  below  it  is  the  Upper  Elkhorn  is  not  certain.  At  the  head 
of  the  main  fork  an  old  bank  belonging  to  D.  C.  Potter  is  ])artly 
caved,  but  it  shows  3  feet  2  inches  of  solid  coal  and  4  inches  of  bone 
at  the  base.  This  bank  is  said  to  have  been  open  twelve  years  and  to 
have  two  rooms  driven  east  and  northeast  which  drain  out.  The 
elevation  is  the  same  as  that  of  the  2-foot  8-iu('h  bed  farther  down 
the  creek,  1,440  feet  above  tide,  and  it  is  supposed  to  be  the  Upper 
Elkhom, 

BIGGS   BRANCH. 

Millard  coal, — Openings  on  the  Millard  coal  were  once  made  in  the 
hill  pasture  180  feet  above  Jim  Goff's  blacksmith  shop,  and  also  at 
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Winwriglit^s,  on  the  west  side  of  the  river  apjxisite  Goff's.  Four  feet 
of  coal  is  re])orteil  in  eat-h  of  ihfis*.\  but  the  nieasurement  could  not  be 
verified,  as  the  comI  is  hidden  by  the  caving  of  the  banks.  Little  more 
tJmn  u  mile  up  Bifj^s  Bninrh  the  Millard  coal  has  been  du^  on  both 
sides  of  the  ei*eek  a  few  feet  above  the  stream.     On  the  left  &  semi- 
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circular  opening  30  feet  long  and  20  feet  deep  shows  a  Sl-inch  bed 
(7)  of  coal  with  ti  shnlc  H(jor  ami  sandstone  roof.  In  the  right  bank 
the  Ijed  has  the  saine  thickness,  and  tlirt*e  or  four  pits  witliin  a  dis* 
tance  of  50  yards  along  the  crop  have  been  driven  in  20  feet. 
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Elkhom  coals. — ^Two  miles  up  Biggs  Branch,  on  the  right  bank 
behind  Isaac  Lee's  cabin,  which  is  at  the  forks,  and  about  150  feet 
above  the  cabin,  there  is  an  interesting  occurrence  of  a  double  bed 
of  coal  which  is  at  about  the  horizon  of  the  Lower  Elkhorn.  The 
prospect  on  this  coal  is  driven  S.  10°  W.,  is  timbered,  and  drains  in. 
The  section  of  the  entire  bed  (8),  beginning  at  the  top,  is  as  follows: 
Clay,  soft  and  dirty  coal,  16  inches ;  block  coal,  2  feet  2  inches ;  shale, 
6  feet;  coal,  2  feet;  bony  coal,  7  inches;  shale  floor.  Xo  similar 
section  was  seen  anywhere  in  the  field.  On  the  right  side  of  the  left 
fork  and  30  feet  higher  than  the  double  coal  just  described  a  trench 
reveals  a  bed  (9)  nearly  5  feet  thick  and  mostly  bone.  Below  the 
bottom  clay  is  coal  and  bone  of  undetermined  thickness.  This  sec- 
tion may  improve  on  driving  in. 

In  the  same  hollow  as  the  last  and  70  feet  above  it  a  trench  shows 
2  feet  6  inches  of  coal,  and  on  the  opposite  side  of  the  spur,  80  feet 
higher  than  the  prospect  just  mentioned,  or  at  an  elevation  of  about 
1 ,440  feet,  there  is  a  4- foot  bed,  which  is  all  coal  except  a  4-inch  shale 
band  8  inches  above  the  floor.  The  position  of  this  bed  corresponds 
with  that  of  the  50-inch  bed  (6)  in  Powell  Creek,  and  the  2-foot 
6-inch  coal  here  with  the  2-foot  8-inch  on  Powell  Creek.  It  will  be 
seen  by  the  section  of  the  exposures  in  this  branch  given  on  the  colum- 
nar section  sheet  (PL  III,  sec.  2)  that  the  double  bed  at  Lee's  is  the 
same  distance  above  the  Millard  coal  as  is  the  Ijower  Elkhorn  on 
Powell  Creek,  and  that  each  section  has  a  coal  bed  not  found  in  the 
other. 

DANIELS  CREEK. 

MUlard  coal. — The  presence  of  this  coal  on  the  left  fork  of  the 
creek  was  reported,  but  search  at  that  point  failed  to  reveal  anything 
of  the  pit  said  to  have  been  dug  close  to  water  level.  On  the  right 
fork  at  an  elevation  of  975  feet,  or  IGO  feet  higher  than  the  forks, 
and  on  a  trail  along  the  left  hillside,  Mose  Coleman  has  a  small  open- 
ing on  the  Millard  coal  which  lies  between  beds  of  sandstone.  It  has 
21  inches  of  coal  with  2  inc'hes  of  bone  for  a  roof  (10). 

Lower  Elkhom  coal. — The  only  opening  on  this  coal  known  on 
Daniels  Creek  is  a  prospect  driven  by  Elijah  Anderson  in  the  right 
bank  just  above  water  and  close  to  his  house,  which  is  at  the  head  of 
the  left  fork.  Here  over  the  usual  sandstone  is  a  bed  of  coal  more 
than  4  feet  thick  (11)  and  separated  from^an  overlying  sandstone  by 
4  feet  of  shale.  Twelve  inches  of  laminated  coal  lie  above  a  2-foot 
bench  of  solid  coal.  Mr.  Anderson  reported  4  inclies  of  bone  and  1 
foot  of  coal  occurring  below  the  2- foot  bench.  The  elevation  of  this 
opening,  obtained  by  aneroid,  is  1,300  feet,  and  shows  the  continua- 
tion of  the  syndine  on  the  north  side  of  the  river. 
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HARUfiSS  CBEEK. 

Auxier  coal. — ^Probably  the  oldest^  coal  bank  in  this  vicinity  is  one 
opened  by  Buck  Hilton  about  thirty  years  ago  on  land  belongiiiig  to 
Butler  Ratliff  situated  on  the  main  fork  of  Harless  Creek  betweoi 
Upper  Lick  and  Lower  Ijick.  It  is  just  above  water  level  on  the 
right  bank  and  1%  miles  from  Begina.  A  demand  for  coal  for  a  dinky 
locomotive  which  was  hauling  logs  out  of  Harless  Creek  was  the 
reason  for  opening  the  bank.  A  chamber  about  80  feet  wide  was 
excavated  and  the  roof  was  supported  by  timbers,  but  these  are  giving 
away  and  the  bank  is  in  danger  of  caving.  The  roof  and  floor  ara 
shale.  Some  coal  was  taken  from  this  bank  in  the  winter  of  1908. 
The  section  of  the  bed  (13)  resembles  more  closely  the  Millard  coal 
opened  at  Coleman's  one-fourth  of  a  mile  below  Begina  than  it  does 
any  of  the  sections  of  the  Auxier,  but  its  po8iti<Hi  as  determined  fay 
road  sections  and  tlie  interval  between  it  and  the  Lower  Elkfaorn 
on  Lower  Lick  lead  to  the  conclusion  that  this  much-parted  bed  is 
the  Auxier. 

Millard  coal. — About  1^  miles  below  the  mouth  of  Harien 
Creek,  on  the  left  side  of  Schoolhouse  Hollow,  perhaps  200  yards 
from  the  road,  there  was  once  an  opening  and  chute  at  the  Millard 
coal,  which  is  reported  to  be  2  feet  thick.  It  is  at  an  elevaticm  of 
175  feet  above  the  road,  or  980  feet  above  tide,  rests  on  60  feet  of 
sandstone,  and  has  a  shale  roof.  The  general  structure  along  the 
river  is  shown  by  the  gradual  rise  of  this  coal  bed  toward  the  east. 

Probably  the  largest  pit  yet  opened  on  the  Millard  coal  is  that 
from  which  H.  E.  Coleman  has  taken  fuel  for  the  past  ten  years. 
It  is  situated  on  the  right  side  of  the  hollow  which  opens  at  his 
house,  opposite  Marrowbone  station,  at  an  elevation  of  250  feet  above 
the  river,  and  is  reached  by  a  haul  road.  The  bed  lies  on  50  feet  of 
heavy  sandstone  and  has  a  sandy  shale  floor.  It  is  4  feet  4  inches 
thick  (12),  and  the  coal  is  in  three  benches.  A  drift  has  been  driven 
125  feet  S.  25°  E.  This  bed  is  exposed  farther  up  the  hollow  at  the 
stable  built  by  David  Sanders.  An  analysis  of  the  Millard  coal,  made 
from  a  sample  taken  by  the  writer  at  the  Coleman  bank,  is  given  on 
page  72. 

Bbi(/h(un  coal, — An  18-inch  bed,  which  carries  considerable  iron 
])vrite  and  outcrops  in  the  bed  of  Harless  Creek  at  Will  Ward's 
house,  is  believed  to  be  at  the  same  horizon  as  the  3-foot  coal  at 
Hunter's,  on  Powell  Creek,  and  at  Bingham's,  on  Ferrell  Creek.  Its 
position  is  100  to  180  feet  below  the  Lower  Elkhorn  coal. 

Lower  Klli'horn  coah — Four  openings  on  this  coal  were  found  on 
Harless  Creek  at  elevations  ran^ng  from  1,320  to  1,400  feet.  One 
at  the  head  of  Kighthand  Fork  was  opened  in  the  hillside  above 
David  Coleman's  cabin  in  1904.     The  pit  is  20  feet  wide  and  IS 
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feet  deep,  timbered,  and  driven  southeast.  It  shows  15  inches  of 
laminated  on  top  of  4  feet  of  solid  coal  (16). 

On  Lower  Lick  of  left  fork  a  trench  shows  the  bed  5  feet  thick. 
This  prospect  can  be  found  by  going  up  the  bed  of  the  branch  about 
one-fourth  mile  and  climbing  the  right  hillside  at  a  point  marked 
by  a  tree  blazed  SR.  The  upper  18  inches  of  the  bed  at  this  point 
looks  like  cannel  coal  (15).  This  bed  has  been  prospected  on  the  left 
side  of  Com  Hollow  at  an  elevation  of  1,320  feet  and  shows  a  thick- 
ness of  3  feet  3  inches.  At  the  left  side  of  Mose  Coleman  Hollow, 
which  is  the  first  on  the  left  above  Will  Ward's,  a  pit  opened  thirty 
years  ago  also  shows  the  bed  3  feet  3  inches  thick  and  dipping"  west. 
The  upper  15  inches  of  the  bed  is  laminated. 

Upper  Elkhom  coal, — This  coal  was  seen  in  Mose  Coleman  Hol- 
low, at  the  head  of  Harless  Creek,  in  an  old  pit  on  Butler  Ratliff's 
land.  It  measures  5  feet  (14),  with  only  one  parting,  but  that  is 
rather  thick. 

JIMMIE    CREEK. 

Millard  coal. — On  Ratliff  heirs'  land,  about  IJ  miles  above  the 
mouth  of  the  creek,  there  is  a  coal  bed  which,  from  its  geologic  re- 
lations and  elevation  of  1,050  feet,  seems  to  be  the  Millard.  It  lies 
between  the  usual  beds  of  sandstone,  but  it  is  much  thicker  here  than 
elsewhere,  owing  to  the  presence  of  shale  partings.  Section  17,  fig.  5, 
shows  the  character  of  the  bed. 

Sixty  feet  higher  there  is  a  bed  in  the  creek  below  Thomas  Rat- 
liff's cabin  showing  over  15  inches  of  coal.  It  has  a  shale  roof  and 
thin  blue  clay  floor  resting  on  sandstone. 

Elkhom  coals. — The  Elkhorn  coals  have  not  been  prospected  on 
this  creek,  and  so  nothing  was  seen  of  them.  The  Upper  Elkhorn 
lies  well  below  the  summit  of  the  ridge  around  the  head  of  the  creek, 
but  the  ridge  is  so  narrow  and  steep  near  the  top  that  the  remaining 
portion  of  the  coal  bed  has  only  a  small  area. 

ROAD    CREEK. 

Geologic  aectimi, — The  meager  section  obtained  on  this  creek  shows 
the  Auxier  coal  a  little  over  100  feet  above  the  river,  but  rising  rap- 
idly in  the  first  half  mile  up  the  creek.  Two  hundred  feet  above 
it  is  the  Millard,  and  320  feet  higher  is  the  Lower  Elkhorn.  The 
interval  between  the  last  two  coals  is  practically  tlie  same  as  in 
Powell  Creek  and  Biggs  Branch.  The  hk)oni  of  the  I^inghain  coal 
was  seen  about  120  feet  higher  than  the  Millard  on  Isam  Fork.  Sec- 
tion 5,  PL  II!fc(p.  38) ,  is  a  partial  representation  of  rocks  on  this  creek. 

Atixier  coo/.-^Several  openings,  supposed  to  be  on  the  Auxier  coal, 
have  been  made  at  Joe  Looney's,  1  mile  up  tlie  creek.  One  bank  has  a 
25-foot  drift  run  N.  30°  W.,  which  dips  into  the  hill  and  is  full  of 
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water.  The  bed  rests  on  sandstone  and  has  a  shale  roof.  Only  2  feet 
of  coal  could  be  seen  in  the  flooded  opening,  but  it  is  reported  that  at 
this,  as  well  as  other  openings  close  at  hand,  there  are  8  feet  of  ooaL 
The  rocks  dip  strongly  to  the  west  on  lower  Boad  Creek. 

Millard  cocH. — ^Road  Creek  shows  two  openings  which  are  pre- 
sumed to  be  on  the  Millard  coal.  One  of  these  exposures  is  on  Isam 
Fork  by  the  roadside,  a  short  distance  from  th^  mouth  of  the  fcMJ^' 
It  shows  a  sandstone  roof,  1  inch  of  coal,  3  inches  of  day,  and  S 
inches  of  coal.  The  other  opening  reveals  the  same  thickness  of  hflt 
under  a  sandstone  ledge  opposite  Marshall  Farmer's  house,  at  tilb 
mouth  of  Middle  Fork.    Its  elevation  is  1,072  feet. 

Lower  Elkhoni  coal. — As  there  are  several  pits  on  this  creek  whidi 
are  timbered  and  kept  open,  so  that  coal  can  be  taken  evety  winter, 
the  character  of  the  bed  is  easily  studied.  In  every  case  the  roof  is 
shale,  and  the  floor,  which  could  not  be  seen  so  readily,  probably  is 
bone  closely  underlain  by  sandstone.  The  pit  nearest  the  river  u 
that  of  Robert  Martin,  1,480  feet  above  sea,  at  the  head  of  a  brsnch 
whicli  enters  Boad  Creek  on  the  right  less  than  three-fourths 
mile  above  the  mouth.  This  bank  has  been  driven  40  feet  N.  46**  W., 
but  it  drains  in.  The  bed  (20)  is  15  inches  laminated  and  4  feet  1 
inch  solid  coal.  A  sample  of  the  solid  coal  was  taken  by  the  writw, 
and  its  analysis  is  given  on  page  72. 

At  the  head  of  Coalbank  Hollow  Alex  Hackney  has  dug  a  20-f6ot 
drift  N.  75°  E.,  and  timbered  it.  The  bed  is  1  inch  thicker  than  at 
Martin's,  the  increase  being  in  the  solid  coal.  Around  the  next  spur 
in  the  head  of  Cotton  Patch  Hollow,  on  John  T.  Ratliff  heirs'  land, 
a  drift  of  about  the  same  size  and  at  the  same  elevation,  1,465  feet, 
sliows  just  5  feet  of  coal,  the  top  15  inches  of  which  are  laminated. 
Marshall  Farmer  has  an  opening  in  the  left  bank  at  the  head  of 
Middle  Fork,  half  a  mile  above  his  house,  where  the  bed  (10)  has  the 
giHMitest  thickness  found  on  the  creek.  At  the  face  of  the  drift,  which 
is  80  feet  deep  and  driven  N.  15°  W.,  the  bed  shows  a  total  thickness  of 
5  feet  10  inches,  14  inches  of  which  are  laminated.  Its  elevation  is 
1,450  feet.  An  opening  on  the  left  side  of  Main  Fork,  one-half  mile 
above  Marshall  Farmer's,  is  caved  so  that  the  full  thickness  of  the 
bed  could  not  be  determined,  but  the  usual  15  inches  of  laminated 
coal  was  visible.  The  last  bank  to  be  described  on  this  creek  is  that 
of  H.  (t.  Belcher,  at  the  head  of  Isam  Fork.  The  coal  is  at  an  eleva- 
tion of  l,4i^0  feet,  over  40  feet  lower  than  on  the  right  side  of  tlw 
creek  at  Hackney's  bank,  showing  a  westward  dip  of  the  rocks.  The 
Belcher  pit  is  driven  east  10  feet  and  exposes  5  feet  4^  inches  of  coal. 
An  increase  of  the  laminated  to  IT  inches  is  noted  «here,  also  the 
ocurrence  of  a  one-half  inch  clay  parting  2  feet  3  inches  above  the 
floor.  In  the  lower  bench  there  are  three  or  four  thin  partings,  not 
.shown  in  the  section   (18,  fig.  9),  which  come  and  go  irregularly. 
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These  notes  show  that  the  Lower  Elkhorn  bed  on  Road  Creek,  exclud- 
ing the  laminated  portion,  averages  fully  4  feet  of  available  coal. 

The  Upper  Elkhorn  coal  is  so  high  in  the  ridge  that  there  is  only 
a  very  narrow  body  of  it  between  Road  and  Jimniie  creeks.  No  open- 
ings on  it  were  seen. 

FERRELL  CREEK. 

Geologic  section, — The  Elswick  coal  probably  is  not  more  than  ()0 
feet  below  the  surface  at  the  mouth  of  Ferrell  Creek,  for  the  Auxier 
coal  is  found  130  feet  above  the  river.  One  hundred  and  sixty  feet 
higher  is  a  22-inch  coal  supposed  to  be  the  Millard,  and  125  feet 
above  that  a  2i-foot  bed,  here  described  as  the  Bingham.  The 
Lower  Elkhorn  occurs  about  300  feet  above  the  Millard,  or  at  eleva- 
tions ranging  from  1,480  to  1,000  feet  above  tide  as  the  creek  is 
ascended.  The  dip  along  this  creek  in  a  general  way  is  strongly 
northwest.  The  Upper  Elkhorn  is  150  feet  above  the  Lower  and 
well  toward  the  tops  of  the  hills.  On  PI.  Ill  (p.  38)  is  a  section 
compiled  from  measurements  on  this  creek. 

Auxier  coal. — On  Middlefield  Branch,  on  George  Belcher's  land, 
there  is  an  old  opening  about  80  feet  above  the  mouth  of  the  hollow, 
in  which  2  feet  of  coal  is  reported.  The  rocks  rise  up  Ferrell  Creek 
and  at  the  schoolhouse  just  below  Sprucepine  Fork  this  coal  shows 
15  feet  above  the  creek.  The  coal  is  22  inches  thick  and  has  a  blue 
shale  roof.  It  has  been  dug  along  the  crop  tor  100  feet  to  get  fuel 
for  the  school. 

On  Board  Fork,  one-half  mile  above  Ferrell  Creek,  there  are  3 
old  openings  on  John  Belcher's  land.  .One  of  these  is  an  entry 
driven  S.  40°  W.,  down  the  dip.  A  small  amount  of  coal  has  been 
mined  from  the  bed,  which  is  reported  to  be  3  feet  thick.  The  same 
bed  was  once  opened  at  Marion  Spear's  on  Shop  Branch  and  is  said 
to  carry  3  feet  of  coal.  In  both  of  these  places  the  roof  is  shale  and 
the  bed  is  on  top  of  a  considerable  thickness  of  sandstone. 

Millard  coal. — There  is  an  old  bank  in  the  first  hollow  on  the  west 
above  George  Belcher's  store  at  the  mouth  of  Ferrell  Creek  at  an 
elevation  of  about  225  feet  above  the  river.  The  bed  rests  on  heavy 
sandstone  and  has  a  shale  roof.  It  carries  2  feet  of  coal,  but  is 
broken  by  shale  partings,  the  thickest  of  which  is  4  inches  (21). 
In  Hoggston  Hollow,  at  an  elevation  of  1.100  feet,  or  200  feet  above 
Ferrell  Creek,  is  a  little  bank  on  the  Millard  coal,  owned  by  George 
Belcher.  It  shows  2^  feet  (22)  of  coal,  and  has  a  shale  roof  and 
sandstone  floor.  A  coal  at  water  level  in  the  bank  of  this  creek  at 
the  mouth  of  Bingham  Fork,  said  by  L.  B.  Roo  to  be  22  inches  thick, 
is  also  believed  to  be  the  Millard. 

Bingham  coal. — Another  and  a  higher  coal,  perliai)s  125  feet  above 
this  last,  has  been  opened  back  of  E.  B.  Bingham's  cabin,  one-half 
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mile  up  Bingham  Fork.    H  is  called  a  2|-foot  bed,  but  the  bank  wasi 

caved  when  the  locality  ^vn^  visited^  Hiid  the  report  could  not  Ik?  veri- 
fied. The  w  riter  gave  ihc  btni  ils  luirue,  becnusse  the  coul  wa.s  fii-^t 
recognized  and  determined  here,  where  the  I^tmer  and  Upper  Elk-« 
horn  coals  are  opened  in  the  same  hillside  and  Hie  intervals  between 
the  three  coals  are  easily  inea.sured.  This  c*>al  at  Bingham's  r^M> 
on  40  feet  of  nandstont^  and  i.s  about  180  feet  below  the  Lower  Elk- 
horn  coal,  ^ 

Loittr  hlkkoni  f7;{//."ProsiH.^ct  trenches  driven  to  the  I^ower  Elk-™ 
horn  coal  on  this  creek  have  in  most  caaes?i  fallen  in,  and  consequently 
the  elevation  hut  not  the  character  of  the  bed  can  bt*  olttained.     An 
old  prospect  at  the  head  of  ilogtf:ston  Hollow  shows  that  the  bed  h 
at  an  elevation  of  1,490  feet^  or  about  700  feet  above  the  river,  whilo 
the  Clevinger  bank,  also  eave<h  near  Che  liead  of  the  crtH.*k,  is  100 
feet  hi^dier,  showing  the  rise  of  tlie  nicks  to  the  east.     X  ^inxl  open 
ing  is  that  of  Arch  Hogg.ston,  a  few  hundred  yards  back  of  hie 
house,  at  the  right  heafl  of  Middldiehi  BraiK-h.     The  IkmI  is  at  an 
elevation  of  1,47J^  feet,  has  a  3-foot  roof  of  sandy  shale  overlain  by 
sandstone,  and  measui-es  5  feet  2  incljes  thick.     The  bed  is  made  up 
of  14  inches  laminated  and  3  feet  11  inches  of  ^olid  coal  with  a  l-incl 
claj  parting  14  inches  above  the  flofjr. 

On  Sprncepine  Fork  at  an  elevation  of  1,M0  feet,  on  the  spur  1 
tween  the  main  branches,  a  prosjart  trench  was  vut  in  August.  IDOf?, 
wliicli  shows  the  bed  to  be  8  feet  4-J  inches  thick.  This  is  an  inuisual 
thickening,  and  is  due,  as  is  the  increane  at  almost  every  opening  on 
Ferrell  Creek,  to  the  addition  of  a  clay  ]>ai'tiuj^  antl  another  l.>ench 
of  coal  to  the  bottom  of  the  IhhL  The  sectioji  in  detail  at  this  open- 
ing, which  is  on  (reorge  Belchers  land,  is;  Laminated  coal  IG  inches, 
^' mother  coal  *'  one-fourth  inch,  coal  IT  inches,  ^'mother  coal  "  one- 
fourth  inch,  coal  IS  inches,  clay  20  inches,  coal  29  inches.  At  the 
right  head  of  a  small  branch  which  enters  the  main  stream  at  Kich- 
avd  Epling'S,  one-third  mile  Udow  the  gap  leading  to  Koad  Fork,  a 
bank  has  l>een  driven  25  feet  N.  35"  E,  The  bed  is  5  feet  t)  inches 
thick  (27)  with  1  fcK)t  of  clay  shale  separating  it  from  the  over- 
lying sandstone.     The  laminated  poilion  is  only  1^  inches  thick. 

Abnei*s  Fork  is  the  site  of  several  openings  in  which  the  bed  ha,^ 
a  tlu<^kncss  of  over  6  feet.  An  opening  made  at  the  head  of  the  first 
left  fork  at  an  elevation  of  1,400  feet  is  reported  by  J.  \V.  Church  to 
haves  revealed  0  feet  of  coaL  L,  B.  Koe's  bank  (2*1)  at  the  head  of 
Abners  Fork  is  driven  75  feet  in  a  southeast  direction.  Timbering 
keeps  it  open  so  that  coal  can  be  mined  eveiy  winter.  The  laminated^ 
coal  15  inches  thick  is  not  mined.  Under  it  is  4  feet  of  coah  then  ^" 
indies  of  fday,  and  a  bottom  bench  of  14  inches  of  coaL  This  section 
differs  from  that  at  another  opening  (24)  on  Roe^s  land  across  ih 
creek  from  tlie  above  and  at  the  same  elevation,  1,405  feet,  where  t 
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bottom  bench  of  coal  is  3  inches  thicker  and  the  clay  8  inches  thinner. 
On  the  right  branch  of  a  hollow  which  enters  Bingham  Fork  at 
E.  B.  Bingham's  cabin  a  coal  bank  has  been  drifted  in  about  15  feet. 
The  bed  (25)  is  6J  feet  thick,  and  has  16  inches  of  laminated  coal  at 
the  top. 

Upper  Elkhom  coal. — A  newly  faced  trench  at  Bingham's,  150 
feet  above  his  bank  on  the  Lower  Elkhom,  showed  75  inches  of  coal 
in  an  unbroken  bed  (26)  at  an  elevation  of  1,680  feet.  On  the  right 
fork  of  Sprucepine  Fork  a  prospect  opened  by  George  Belcher 
shows  the  Upper  Elkhorn  7  feet  thick  (28).  A  prospect  at  the  head 
of  Abners  Fork,  160  feet  above  (24),  at  an  elevation  of  1,640 
feet,  found  the  Upper  Elkhom  coal,  but  caving  had  concealed  the 
bed  so  that  it  could  not  be  measured.  J.  W.  Church  reports  that 
this  coal  at  the  head  of  the  hollow  back  of  his  house  is  about  4  feet 
thick  and  at  the  head  of  Honey  Fork  is  6  feet  thick. 

BEAVER  CREEK. 

Geologic  section. — The  geologic  section  on  this  creek  begins  with 
the  sandstone  under  the  Elswick  coal  and  extends  more  than  100  feet 
above  the  Upper  Elkhom  coal.  Nothing  was  observed  of  the  upper 
part  of  the  section,  so  the  figures  on  the  columnar  section  sheet  only 
partially  represent  the  stratigraphy  of  Beaver  Creek.  It  will  be  seen 
that  the  Auxier  coal  is  about  190  feet  above  the  Elswick  and  that  the 
correlation  and  elevation  of  coals  above  this  is  uncertain.  This  is 
due  partly  to  the  fact  that  no  exposures  of  the  upper  coals  were 
found  except  one  at  the  head  of  the  creek.  The  rocks  rise  rapidly  up 
Beaver  Creek,  but  the  writer  is  skeptical  about  the  position  of  the 
Lower  Elkhom  being  so  high  as  is  indicated  on  the  Big  Sandy  Com- 
pany map. 

Elswick  coal. — Close  beside  the  schoolhouse  at  the  mouth  of  Beaver 
Creek  at  an  elevation  of  821  feet  above  tide  there  is  an  exposure  of 
the  Elswick  coal.  The  roof  is  2  feet  of  sandstone  overlain  by  shale 
and  the  floor  is  sandstone.  There  are  two  benches  of  coal,  the  upj^er 
28  to  30  inches  and  the  lower  7  inches,  with  an  8-  to  0-inch  shale 
parting  between  them  (30).  On  the  river  a  few  hundred  yards 
above  the  mouth  of  Beaver  Creek  this  coal  in  a  small  opening  shows  1 
foot  of  clay  between  it  and  the  underlying  25- foot  sandstone  and  has  a 
shale  roof.  The  bed  is  a  trifle  thinner,  having  32  inches  of  coal 
underlain  by  2  inches  of  bone  and  6  inches  of  coal. 

AiLxier  coal. — In  the  hollow  one-fourth  mile  below  Beaver  Creek, 
Ryus  Roberts  takes  out  a  little  coal  every  winter  from  a  bank  driven 
about  75  yards  S.  45°  E.  The  roof  is  blue  shale  and  the  floor  black 
slaty  rock.  Solid  coal  2  feet  7  inches  thick  is  found  in  the  bank  (20), 
but  it  increases  to  3  feet  at  the  outcrop.  There  is  a  prospect  above  the 
first  left  fork  of  Mud  Lick  Branch  of  Beaver  Creek  on  the  land  of 


48 


COAL   HESOUECES   OF   THE  EIJSSELL   FORK   BASIK- 


Enoch  Belcher,  whirli  shows  a  shale  rtjof,  1  iiichei^  of  coiil,  5  iiichp^ 
of  chiy,  and  1  foot  of  coal  at  the  bottom  ot  the  prosptfct*    Tliis  low^^ 
bench  i^  ^iiid  to  be  3  feet  thick*  ^| 

The  hlossfnn  of  the  Aiixier  roal  was  found  in  meiiJ^nnng  a  sectioTi 
at  ii  small  branch  one-half  mile  up  Beaver  Creek  at  an  elevation  of 
170  feet  above  the  road.  An  opening  made  year.s  ago  but  closed  now 
couhl  readily  be  reopened  back  oi  the  house  at  the  month  of  Ston€^H 
eoal  lirunch.  Two  and  f*ne-half  feet  of  conl  b  said  to  have  l:)eei^ 
found  here.  The  writer  is  in  doubt  whether  the  eoal  opened  on 
both  sides  of  (lie  rreek  at  Bain*  Potter'??,  ju^^t  above  tlie  niouth  of  jA*ti 
Fork  may  not  also  Im  Auxier.  A  hurried  tracing  of  the  rock 
along  the  creek  seemed  to  indicate  that  the  coal  at  the  mouth 
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WiQ.  Q. — Auatler  ami  i^rctlmis. 

Stnnecoal  Bnmch  passes  below  the  rreek  near  the  mouth  of  Flat 
P'ork,  but  it  is  possible  there  is  sufficient  inclination  of  the  rock 
to  keep  it  above  water  for  some  distance  npstreaui.     The  upenUig  o ' 
posite  Babe  Potter's  is  closed,  liut  one  Vwick  of  the  cabin  showis  a  shs 
roof  and  2i  feet  of  coab     The  floor  \vas  hidden  by  water,  and  a  low^ 
Jjench  of  coal  reix>rted  by  tlie  (jwuer  was  not  st*en.     The  same 
has  been  du^  into  on  the  Left  Forlc  just  above  the  mouth. 

On  Eight  Fork,  in  a  hollow  back  of  Mrs.  Eliznbeth  Rnmey's  plac  , 
cohI  has  been  dug  from  n  small  bed,  which  is  140  feet  above  the  coal 
at  Babe  Potters,  but  seemingly  not  hip:li  enough  for  the  Millard  coaL 
At  the  mouth  of  Benr  Fork,  DO  feet  above  the  creek,  Enoch  lieh^ber 
(h*ifted  20  feet  into  the  hill  in  an  easterly  direction  and  trmk  out  coal 
for  several  yeaiu    I,  S.  Salyer  reports  that  the  bed  is  about  4      ~ 


GRASSY  CREEK.  -  49 

thick,  with  a  thin  slaty  parting  10  inches  from  the  roof  and  another 
8  inches  from  the  floor.  This  coal  is  about  340  feet  below  the  lower 
Elkhorn,  and  may  possibly  be  the  Millard.  Bear  Fork  is  a  leff  branch 
of  Left  Fork,  1  mile  above  its  mouth. 

Elkhorn  coals. — At  the  head  of  Houselog  Branch,  near  Basil 
Belcher's  cabin,  a  prospect  trench  uncovered  a  coal  bed  supposed  to 
be  the  Lower  Elkhorn  at  an  elevation  of  1,612  feet  or  200  feet  above 
the  cabin.  The  coal  is  reported  to  be  2  feet  10  inches  thick,  but  can 
not  be  seen  now  on  account  of  caving.  Near  the  top  of  the  ridge, 
at  an  elevation  of  1,770  feet,  directly  back  of  the  cabin,  the  Upper 
Elkhorn  was  located,  but  the  trench  had  been  allowed  to  cave.  The 
bed  is  said  to  be  7  feet  thick.  The  Upper  Elkhorn  at  the  head  of 
Bear  Fork  is  reported  to  be  9  feet  thick,  but  this  was  not  verified. 
The  Lower  Elkhorn  on  this  fork  is  reported  by  T.  S.  Salyer,  who 
lives  at  its  mouth,  to  be  5  feet  thick  with  a  6-inch  parting  in  the  lower 
portion. 

At  the  head  of  Left  Fork  of  Beaver  Creek,  in  the  run  above  the 
elbow  in  the  road  and  close  imder  the  top  of  the  ridge.  Miles  Potter 
has  opened  the  Upper  Elkhorn  and  timbered  a  drift  about  20  feet 
deep.  It  show^s  a  bed  of  coal  6  feet  9  inches  thick,  with  only  two 
thin  partings  not  over  an  inch  thick  (31).  This  bed  has  an  excel- 
lent appearance  and  would  be  worthy  of  attention  except  for  the 
fact  that  it  is  so  close  to  the  top  of  the  ridge  as  to  have  but  little 
body.  Even  as  it  is,  this  bed  might  be  worked  in  conjunction  with 
the  Lower  Elkhorn  if  the  latter  should  be  mined  on  this  croek. 
Several  other  openings  have  been*  made  on  the  Elkhorn  coals  in  the 
hills  around  Beaver  Creek,  but  in  most  cases  they  were  merely 
prospect  trenches,  and  not  being  timbered  they  caved  or  fell  in 
within  a  few  months  and  the  coal  could  not  be  seen. 

GRASSY  CREEK. 

Geologic  section. — At  the  mouth  of  Grassy  Creek  the  Lee  con- 
glomerate rises  150  feet  above  the  water  on  the  west  and  nearly 
1,000  feet  on  the  east.  This  is  because  the  Pine  Mountain  fault, 
but  a  few  rods  to  the  east  of  the  creek,  raises  the  Lee  high  in  the  air. 
A  small  coal  bed  in  the  Lee  is  said  to  be  exposed  at  the  mouth  of  the 
creek,  but  it  was  not  discovered  by  the  writer.  Section  12,  on  1*1. 
Ill  (p.  38),  is  compiled  from  notes  on  Trace  Fork,  and  principally 
from  Greasy  Spur  at  the  head  of  the  fork.  By  tracing  the  rocks  up 
the  creek  the  conclusion  was  reached  that  the  horizon  of  the  Auxier 
coal  is  but  little  above  the  stream  at  the  mouths  of  Trace  and  Cow 
forks.  This  being  the  case  and  the  di])  being  gentle  to  the  north- 
west, the  position  of  a  coal  found  near  the  head  of  the  fork  on 
Greasy  Spur  coincides  closely  with  the  position  of  the  Lower  Elk- 
horn. 
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Ekwic^ 


e  of 


Ehivif^k  ^'t>^/,— Althniigh  no  openings  were  seen  on  the  Ekwi 
coal  between  Elkhorn  City  nnd  (irassy  Creek,  fho  horizon  can  be 
traced  without  difficulty  just  above  the  highway,  which  is  for  most  of 
the  distance  ne;ir  the  top  of  the  Lee  conglomerate.  The  bloom  of  the 
Elswick  coal  shows  in  thi?  road  up  Grassy  Creek  just  north  of  Big 
Hollow.  M 

An,riei*  coaL — The  fii*st  opening  on  the  Auxier  coal  that  was  seen 
in  going  up  the  creek  is  on  Trace  Fork,  about  one-third  of  a  mile 
above  Riley  Cavin  s  place.     Here  a  prt)spect  shows  20  inches  of  o 
(8*2)  with  a  fosHilifcrous  shale  roof.     This  opening  is  1,113  feet  iiboV 
tide.     On  the  right  side  of  Abes  Fork  just  above  Cavin^s  an  openi 
at  1,153  feet,  known  as  No,  1  of  the  Yellow  Poplar  Company,  shows 
feet  of  coal,  and  doubtless  is  the  same  bed.     As  the  dip  in  the  vjcini 
is  northwest,  it  is  j possible  that  one  of  the  two  smal]  beds  found  1  mile 
farther  up  Abes  Fork  may  l>e  the  Auxier.     One  h  at  the  moutli  of 
T.ocust  Thicket,  1,140  feet  above  sea,  and  has  1  foot  or  more  of  coal, 
the  whole  thickness  uf  the  Ijed  not  l}eing  visible.     Tlw 

r34  roof  is  blue  fossiliferous  clay.    On  the  opposite  sside  of 

L      *^^g*^     AIx^s  Fork  and  a  few  rods  farther  up,  a  crop  in  the  en 
I         ^M         bank  shows  a  10-inch  coal  bed  (35),  which  is  20  f< 
^M         higher  than  the  one  just  described.    It  has  a  sandstoJ 
k         ■''^     roof. 
I       JH  The  Yellow  Poplar  Company  made  three  oiK^nings 

*llfre''^S^^      on  a  bed  W'hich  lies  about  UK)  feet  above  the  Auxier,  the 
Piru2'^H         three  being  1,2(55  to  1,270  feet  above  sea.    A  clay  part 
^m^f*      iug  is  found  near  the  bottom  of  each.     No.  2  opcnuiy 
Fui.  7-'- Yellow  ^^^^^*^  ^lie  bed  4  feet  2  inches  thick  with  a  7-inch  clay 
ropiar    foul  hnnd.    No,  3  is  rep*>rted  5  feet  tliick  with  the  same  day 
_  "^^^  ""  seam.    This  opeuiiig  is  said  to  have  struck  a  fault  H>J 

feet  from  the  entry,  which  is  (piite  possible,  as  this  is  close  to  the  lint! 
of  the  Pine  Mountain  fault.  No.  4  opening  on  the  left  of  Old  H^!J^il- 
Branch  discovers  the  simic  l>cil  over  ti  feet  thick  (34)  at  the  face  of  thr 
drift,  which  is  1  foot  more  than  at  the  mouth  of  the  entry.  A  small 
fault  having  a  northeast  cout*se  at  the  face  of  the  15- foot  drift  dis* 
jdaces  the  upper  l>ench  a  few  inches,  but  does  not  disturb  the  liottoni 
bench  of  coal. 

Milliini  4oaL — If  the  correlation  of  the   Auxier  is  correct,  then 
a  coal  fouoil  200  feet  abo\e  it  on  the  left  of  Trace  Fork  slioidd  b^ 
the  Millard.    Tracing  the  horizon  up  the  creek  it  seems  to  be  tk 
coal  found  at  the  southern  end  of  Greasy  Spur,  which  W.  T,  Griffith* 
a  local  surveyor,  calls  the  Greasy  Spur  coaL    Two  openings  on  t! 
coal  made  near  water  level  1|  miles  up  Trace  Fork  show  a  bed  5 
8  inches  to  t>  feet  1  inch  thick,  with  3  partings  (33),     These  ai 
an  elevation  of  1,2*20  feet.    On  Rattlesnake  Hollow,  200  feet  higbfl 
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a  3-foot  bed  has  been  found.     This  has  about  the  proper  position  to 
be  the  Bingham  coal. 

Lower  Elkhorn  coal, — So  far  as  known  only  one  opening  has  been 
made  on  the  Lower  Elkhorn  coal  in  the  valley  of  Grassy  Creek. 
This  is  at  the  extreme  head  of  the  main  branch  of  Trace  Fork  and 
at  an  elevation  of  1,645  feet.  It  is  on  the  east  side  of  Greasy  Spur 
and  400  feet  lower  than  the  gap  leading  to  the  head  of  Beaver  Creek. 
The  opening  has  been  made  since  the  writer  left  the  field  and  is  re- 
ported by  Mr.  Griffith  to  show  a  4-foot  10-inch  bed.  The  Upper 
Elkhorn  should  be  found  higher  in  the  ridge,  but  can  have  only  a 
small  acreage  on  account  of  its  position  near  the  top  of  the  hills. 

MARROWBONE  CREEK. 

Geologic  section, — The  horizon  of  the  Auxier  coal  is  less  than  100 
feet  above  water  level  at  the  mouth  of  the  creek  while  the  great 
Flatwoods  bed  is  600  or  700  feet  below  the  highest  point  in  the  area. 
There  is  then  from  the  mouth  of  this  creek  to  the  divide  at  the  head 
a  geologic  section  nearly  2,000  feet  thick.  The  rocks  above  the 
Upper  Elkhorn  coal  are  shown  in  the  general  section  (fig.  3)  and 
the  lower  rocks  are  partly  represented  in  the  Marrowbone  and  Henry 
Clay  mine  sections  on  the  columnar  section  sheet  (PI.  Ill,  p.  38). 
It  is  sufficient  to  state  that  the  Millard  coal  is  found  at  the  mouth 
of  the  creek  at  an  elevation  of  1,000  feet  above  tide  or  270  feet  above 
the  river.  The  Bingham  coal  of  workable  thickness  occurs  175  feet 
and  the  Lower  Elkhorn  370  feet  above  the  Millard.  The  Upper 
Elkhorn  is  160  to  180  feet  higher  than  the  Lower  Elkhorn  and  the 
Flatwoods  bed  is  at  least  500  feet  above  the  former.  The  rocks  be- 
tween the  coals  are  all  shales  and  sandstones.  The  shales  are  in 
part  argillaceous  and  in  part  arenaceous,  while  the  sandstones  vary 
from  shaly  to  coarse  and  massive. 

Auxier  coal. — By  tracing  the  rocks  along  the  railroad  from  Moores 
Branch  down  the  river  to  Marrowbone  Creek,  the  coal  on  top 
of  a  massive  sandstone  and  level  with  the  roof  of  Marrowbone 
station  seems  to  be  equivalent  to  the  Auxier.  If  so,  the  Auxier  is  an 
insignificant  coal  on  this  creek,  for  it  is  small  in  the  outcrops  along 
the  railroad  and  passes  below  the  level  of  the  creek  in  a  short 
distance. 

Millard  coal. — About  240  feet  above  the  railroad,  at  the  mouth  of 
the.  Marrowbone,  on  the  land  of  Alec  Johnson,  on  the  right  of  the 
creek,  the  Millard  coal  has  been  shown  by  an  opening  to  be  2^  feet 
thick.  On  account  of  the  dip  to  the  west  this  coal  is  somewhat 
lower  on  Wolfpit  Fork,  where  it  has  been  opened  (37)  on  John 
Coleman's  place  1,000  feet  up  I^ft  Fork.  Dan  Stewart  keeps  a  small 
bank  open  across  the  run  from  his  house  in  Laurel  Hollow.    He  has 
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2|  feet  (40)  of  soUtl  coal  U^tween  shales.  One-li^ilf  mile  up  Rock- 
liouse  Creek,  on  tlu^  north  Hide  antl  above  the  ^awinilU  where  this  coal 
has  been  opened  on  Henry  Ratliff*8  land,  the  bed  (46)  has  a  bottom 
bench  of  f?(]  inches  of  solid  coal  overlain  by  13  inches  of  shak\  coal, 
and  l>one*  One  mile  up  Rockhouse  Creek,  where  the  MLllanI  t^ws 
under  water,  it  is  exposed  in  the  south  stream  bank  for  75  feet  and  is  a 
2J-foot  bed  (47),  the  top  3  inches  of  which  are  bony.  The  roof  i^^ 
sandstone  and  the  f^loor  shale.  Hf 

At  the  mine  of  the  Marrowbone  Coal  and  Coke  Company,  just 
above  the  mouth  of  Rockhouse  Creek,  there  m  an  opening  on  the 
Millard  at  an  elevation  of  1)53  feet  which  shows  2  feet  4  inches  of 
coal  (41)  with  a  shale  roof.  This  opening  is  1^10  feet  below  the  Lower 
Elkhorn  coal,  wliich  is  mined  directly  above.  It  is  known  at  the 
mine  as  the  Aiixier;  but  the  writer  feels  certain  it  is  the  coal  that 
has  l>een  traced  from  Coleman's  at  Eegina  to  Huffman's  at  MiIlaiH 
and  not  the  coal  wliich  has  Ix^en  traced  from  the  mouth  of  Mtirrow- 

bone  Creek  to  Elkhorn 
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Cieek. 

At   the    end    of    ibe 
railroad   cut   near  the 
mouth      of      Johnsoi 
Fork  there  is  a  partly 
caved  opening  (45)  ill 
which  the  dip  is  G^  TO 
Hnd     wliifh     has 
inches  uf  clear  coal 
a  2   foot  9   inch   bed, 
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This  bed,  opened  undi^r 
the  road  below  the  mouth  of  Mill  Creek,  appears  about  3  feet  thick, 
but  has  ttK>  many  partings  to  l3e  of  value.  The  sandstone  roof  U 
very  irregidar.  These  eiglit  openings  show  iin  average  of  al>ont  S*) 
inches  of  workable  coal  in  the  Millard  l>ed  on  Marrowbone  Creek* 

Bmgham  roah — Two  measurements  were  obtained  of  the  Bing- 
bom  coal  on  Marn^wlxme  Creek.  One  is  of  the  prospect  made  by  tk* 
Marrowbone  Coal  and  Coke  Company  at  their  mine,  where  the  bluom 
was  diseovereil  11)0  feet  below  the  Lower  Elkhorn  in  grading  for  tht 
inclhic  from  the  pit  mouth  to  the  tipple.  The  coal  was  faced  cU^^ 
to  the  surface  and  the  actual  character  of  the  bed  under  cover  may 
not  have  l>een  revealed*  It  showed  3  feet  3  inches  of  coal  in  two 
L>enches  separated  Ijy  14  inches  of  clay  (42).  It  is  possible  that  tW 
is  some  swelling  here  at  the  crop  and  that  there  may  be  thin  patiia^* 
in  the  lower  bench  which  could  not  be  distinguished  in  the  weathenilj 
condition  of  the  coal* 
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Another  opening  on  this  coal  was  seen  at  Alee  Ratliff's,  on  Left 
Fork  of  Wolfpit  Fork.  It  has  a  good  appearance,  being  2^  feet 
thick  (38),  and  lies  between  shales. 

Lower  Elkhorn  coal, — Besides  the  pits  opened  on  the  Lower  Elk- 
horn  coal  for  family  use,  many  prospect  trenches  have  been  cut  to 
prove  its  extent  and  character.  The  outcrop  of  the  coal  as  shown 
on  the  map  (PI.  I),  which  is  from  D'Invilliers's  survey,  was  run 
in  part  by  stadia.  Many  of  the  prospect  trenches  have  been  allowed 
to  cave,  so  that  the  writer  could  not  obtain  measurements  of  the 
coal  at  so  frequent  intervals  as  did  Mr.  D'Invilliers,  but  nevertheless 
more  sections  of  the  coal  were  obtained  than  are  deemed  necessary 
for  a  thorough  description  of  the  bed  in  this  part  of  the  field.  The 
character  of  the  bed  at  12  different  places  on  the  creek  and  its 
branches  will  be  described. 

On  Wolfpit  Fork  there  is  an  old  pit  near  the  head  of  the  creek 
on  the  right  above  the  bend,  which  shows  the  full  section  (36). 
The  roof  and  floor  are  shale.  The  coal  is  3  feet  4  inches  thick,  with 
4  inches  of  bone  on  top,  and  without  the  partings  or  laminated  coal 
that  are  found  in  much  of  this  field. 

At  the  head  of  the  first  hollow  on  the  right  of  Marrowbone  above 
Wolfpit  and  nearly  opposite  Bath  Hollow  there  is  an  opening  on  Joe 
Ratliff's  land  from  which  coal  is  taken  every  winter.  It  has  a  shale 
roof  and  floor,  but  the  section  of  the  bed  (39)  differs  in  all  its  details 
from  that  just  described.  Here  a  15-inch  shale  is  overlain  by  2  feet  9 
inches  of  coal  and  underlain  by  2  inches  of  bone  and  9  inches  of  coal. 
Still  there  is  no  doubt  that  these  two  openings  are  on  the  same  bed. 
At  the  head  of  Deadening  Fork  of  Rockhouse  Creek  a  pit  (48) 
driven  in  about  15  feet  on  a  dip  5°  south  shows  practically  the  same 
character  of  bed  as  at  the  head  of  Wolfpit  Fork. 

The  next  opening  on  the  Lower  Elkhorn  coal  found  in  going  up 
Marrowbone  Creek  is  that  at  the  Marrowbone  mine,  just  above  the 
month  of  Rockhouse  Creek.  At  this  point  the  bed  is  over  400  feet 
above  the  creek.  Two  drifts  had  been  driven  in  125  feet  by  Septem- 
ber 1,  1906.  These  were  run  S.  30°  E.,  and  found  the  rocks  dipping 
in  that  direction  for  100  feet.  At  125  feet  from  the  crop  the  rocks 
begin  to  rise.  The  Lower  Elkhorn  at  this  mine  has  a  shale  roof  and 
floor,  2  feet  8  inches  of  solid  coal,  and  a  top  bench  of  IG  inches  (43) 
of  laminated  coal.  It  is  noticeable  that  the  lower  4  inches  of  i\\^ 
laminated  bench  is  nmipled  or  contorted,  as  if  it  had  been  rolled  under 
a  load.  The  fact  that  this  16-inch  bench  is  not  marketable,  because 
it  breaks  down  to  slack  and  runs  high  in  ash  makes  this  bed  less 
attractive  for  mining  than  it  might  otherwise  be.  The  same  trouble 
is  found  in  all  the  mines  that  have  attempted  to  market  run-of-mine 
coal  from  this  bed  on  Marrowbone  Creek. 
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upper  12  inches  is  a  mixture  of  shale  and  coat  It  shows  2  feet  6 
inches  of  solid  coal  (51 )  with  one  parting.  The  floor  is  shale  and  the 
roof  sandstone. 


Marrowbone  Ci'eek,      Lick  Branch  _  _„ 

Rfcr  Hi-finch        of  Sycamore  Fork  Creemjugb  mine  Gi-eenm^  mine        Pik_e_mine 
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tained,  one  near  the  outcrop  (49)  and  the  other  at  the  face.  In  both 
places  a  one-fourth  to  one-half  inch  band  of  clay  is  found  4  inches 
above  the  floor,  and  the  laminated  coal  is  14  inches  thick.  The  differ- 
ence between  the  two  sections  is  the  variation  in  the  amount  of  coal 
between  the  clay  band  and  the  laminated  coal.  At  the  entry  the 
main  bench  of  coal  is  2  feet  8  inches  an^  at  the  face  2  feet  4  inches. 
The  amount  of  marketable  coal  in  the  mine  as  developed  at  that  time 
varied  from  2  feet  8  inches  to  3  feet.  The  roof  is  3  feet  of  shale, 
which  caves  badly. 

On  Sycamore  Fork  one  section  was  obtained  (52)  from  an  opening 
on  the  righf  of  Lick  Branch  one-half  mile  above  the  mouth  on  the 
land  of  J.  A.  MuUins.  Here  there  is  a  60-foot  drift  showing  3  feet 
of  solid  coal  and  15  inches  of  laminated  coal.  The  roof  and  floor  are 
shale.  This  is  a  very  characteristic  section  of  the  Lower  Elkhom  in 
much  of  this  field. 

The  Greenough  mine  is  on  the  left  of  Cassell  Fork  just  above  the 
mouth.  Shale  makes  the  roof  and  floor.  The  bed  is  composed  of  an 
upper  bench  of  laminated  coal  and  a  lower  bench  of  hard,  block  coal 
of  fine  appearance.  At  the  mouth  of  the  entry  the  laminated  is  1 
foot  thick:  50  feet  inside  it  has  increased  to  2  feet  4  inches  (63),  and 
at  300  feet  from  the  outcrop  it  is  16  to  17  inches  (63a).  The  lower 
bench  or  block  coal  at  the  same  points  is  2  feet  10  inches,  2  feet  6  inches, 
and  2  feet  8  inches  to  3  feet.  The  main  heading  was  full  of  water  in 
September,  1006,  and  the  face  600  feet  from  the  entry  was  said  to 
show  only  6  inches  of  coal.  This  is  the  only  instance  Icnown  to  the 
writer  in  which  the  Ix)wer  Elkhorn  coal  falls  below  2  feet  in  thick- 
ness, but  it  sutr^ests  the  possibility  of  other  considerable  variations 
bein<r  found  as  development  progresses.  Unless  the  bed  maintains 
a  fairly  constant  thickness  and  some  use  can  be  found  for  the  lami- 
nated coal,  the  Lower  P^lkhorn  does  not  promise  to  be  a  good  mining 
pr()i)()sition  in  this  part  of  the  field. 

At  the  IMke  mine,  on  Cassell  Fork  1  mile  above  Hellier,  the  lami- 
nated coal  varies  from  2  to  i22  inches  and  the  solid  coal  from  2  feet  7 
inches  to  -]  feet  0  inches.  The  foll<)win<j^  measurements  were  obtained 
ill  the  lower  mine : 

Srctions  of  Li)ir(  r  HlkJioni  coal  at  Viler  mine. 
Location.  Laiiiiiiatod 


Faco  of  first  loft  entry .     1  '.i 

Second  loft  hf'adinj? .       1  8 

Face  ><ccond  left  hcadintr             .     .  1  r» 

R<K)ni  :{,  second  left  hcadiiitr 1  7 

KooMJ -J,  second  left  Ilea. ill    -     .       .    1  '.i 

Main  headinpT .    1  9 

Main  heading' ._.  ..  .     .  2 

Main  headint;  ...   ..   ..     ..   ..    -. 5 

Fac<' of  main  lieadintr -    —    ..    1  10 

Face  of  air  cour- 1  t! 

Face  llrst  riL^f't 'jff  air  courso 1  3 


I 
Solid.      I      Total. 


Ft.  in.  I  Ft.  in. 

2  10  '  4      1 

2      7  I  4     3 

2  8;  41 

3  2  I  4  9 
2  8,  3  11 
2  8  1  4      5 

2  8  1  2    10 

3  9  4  2 
2  8  4      6 

2  9  4      3 

3  0  4      3 
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In  the  main  heading  where  for  a  few  rods  the  laminated  coal  is 
very  thin,  a  soft  clay  is  found  between  it  and  the  overlying  shale, 
and  thei^e  are  abundant  evidences  of  movement.  The  block  coal 
at  this  point  is  undisturbed.  The  mine  shows  an  average  of  34 
inches  (61)  of  marketable  coal.  If  means  could  be  devised  for  re- 
ducing the  amount  of  ash  in  the  laminated  coal,  or  of  using  this 
bench  to  advantage,  the  worth  of  the  bed  would  be  greatly  increased. 

The  laminated  coal  of  the  Lower  Elkhorn  bed  was  sampled  at 
three  different  points  in  the  Pike  mine  and  mixed  to  get  a  fair 
average.  Samples  of  the  solid  coal  and  of  the  whole  bed  were  taken 
for  comparison,  and  the  analyses  are  given  on  page  72.  These 
analyses  show  only  4.08  per  cent  of  ash  in  the  solid  coal,  but  22.87 
per  cent  of  ash  in  the  upper  l>ench  or  laminated  coal  makes  the  pro- 
portion of  ash  in  the  whole  bed  objectionably  high.  The  companies 
operating  on  Marrowbone  Creek  have  found  that  their  customers 
will  not  accept  run-of-mine  coal  from  this  bed,  and  they  are  obliged 
to  throw  the  laminated  on  the  waste  dump. 

The  writer's  sample  of  the  whole  bed  is  higher  in  ash  than  sam- 
ples taken  by  others,  which  are  said  to  represent  the  entire  thick- 
ness of  the  bed.  He  is  ccmfident  that  the  sample  taken  in  the  Pike 
m^ne  is  representative  of  the  laminated  portion  of  the  Lower  Elk- 
horn  coal,  and  this  statement  is  supported  by  the  following  analyses. 
At  the  writer's  request  Mr.  Lowry  Ixnvis,  manager  of  the  Pike  mine, 
sent  50  pounds  of  laminated  coal  in  chunks  representing  the  different 
phases  of  its  occurrence.  From  these  the  writer  selected  three  sam- 
ples which  may  be  described  as  follows : 

Sample  1.  Dull,  bony  coal  with  numerous  paper-thin  lamellae  of  bright  coal. 
Breaks  in  flat  slabn. 

Sample  2.  Bony  coal,  at)Out  two-thirdH  dull  and  one-third  bright,  glistening 
lamellfe.    Breaks  in  flat  slabs. 

Sample  3.  Mixed  dull  and  bright  coal,  mashed,  contorted,  and  showing  many 
slick  faces.    Slacks  very  readily. 

Analyses  of  these  samples  made  in  the  chemical  laboratory  of  the 
Survey  by  George  Steiger  show  the  following  ash  content:  Sample 
No.  1,  35.22  per  cent  ash;  No.  2,  18.81  per  cent  ash;  No.  3,  10.26  per 
cent  ash. 

Whether  the  percentage  of  ash  could  be  greatly  reduced  by  wash- 
ing the  laminated  coal  should  be  determined  by  testing  several  tons 
in  a  coal  washery. 

Further  evidence  of  the  high  content  of  ash  in  the  laminated  por- 
tion of  the  tower  Elkhorn  coal  IhhI  is  shown  by  the  following 
analyses  from  samples  taken  by  independent  investigators: 
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Analyses  of  laminated  bench  of  Lower  Blkham  coaL 


Xarrow- 
bonemiiM.* 

"W- 

Brten 
OrMk.» 

Moisture -. 

41.00 

40.U 

Volatile  matter 

Fixed  carbon . . -_.. 

5« 

Ash — ,—    

H$M 

• 

•Analysts,  Froehling  and  Robertson. 


^Analjrat,  J.  O.  MathewMMi. 


The  sample  which  represeats  the  Marrowbone  mme  waa  taken  by 
S.  M.  Buck,  of  Bramwell,  W.  Ya,,  from  a  single  lump  of  laminated 
coal,  and  does  not  prof^  to  be  an  average.  The  laminated  coal  in 
this  mine  is  15  inches  thick  and  overlain  by  2  inches  of  solid  coaL 
The  sample  from  the  Edgewater  mine  was  taken  by  Mr.  Buck  fram 
a  point  where  the  bed  from  top  to  bottom  measures:  Solid  coal  9 
inches,  laminated  coal  8  inches,  solid  coal  2  feet  6  inches.  J.  W.  j^nl, 
mine  inspector  of  West  Virginia,  sampled  the  laminated  coal  in  the 
Lower  Elkhom  bed  at  Solomon  Iiayne's,  on  rig^t  fork  of  FMen 
Creek,  a  few  miles  north  of  the  field  here  described.  The  ImwiiMi^ 
coal  is  7  inches  thick  and  is  overlain  by  17  inches  of  solid  coaL  ThesB 
4  analyses  of  the  laminated,  ranging  fr(»n  16.26  per  cent  to  26JS 
per  cent,  give  an  average  of  21.50  per  cent  ash.  Two  samples  of  the 
Lower  Elkhom  taken  by  the  writer,  from  which  the  lnTnimt^tM  ina 
excluded,  give  an  average  of  3.08  per  cent  ash  for  the  sotid  coaL 
Considering  the  proportion  of  laminated  to  solid  coal,  the  averaga 
amount  of  ash  in  the  whole  bed  is  on  this  basis  about  10  per  cent 
An  average  of  14  analyses  by  A.  S.  McCreath  and  H.  J.  Williams 
of  the  Lower  Elkhom  coal  on  Marrowbone  Creek,  including  the 
whole  bed,  gives  8.15  per  cent  ash.  The  maximum  and  mininiuiii 
amounts  of  ash  in  these  14  samples  are  13.48  and  1.98  per  cent. 

The  fact  that  the  laminated  is  overlain  in  many  places  by  undis- 
turbed solid  coal  shows  that  the  ash  can  not  be  due  to  a  mixture  of 
shale  or  chiy  pulled  down  from  the  roof  during  the  movement  which 
produced  the  lamination.  The  lamination  seems  to  have  developed  in 
a  portion  of  the  bed  which  was  originally  high  in  ash,  and  the  combi- 
nation of  the  coal  and  its  impurity  is  such  that  washing  would 
probably  not  greatly  reduce  the  amount  of  ash. 

On  Marrowbone  Creek  the  laminated  bench  forms  so  large  a  por- 
tion of  the  bed  that,  as  long  as  it  has  to  be  thrown  out,  the  Lowor 
Elkhorn  is  not  attractive  for  mining.  Between  Russell  and  Levin 
forks  the  usual  15  inches  of  laminated  coal  is  present  in  the  top  of 
the  bed,  but  the  whole  thickness  is  so  much  greater  that  the  loss  of 
the  laminated  is  much  less  important. 

The  laminated  is  not  a  shipping  coal,  because  it  breaks  down  t© 
slack,  but  probably  could  be  used  successfully  at  the  mines  for  pro- 
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ducer  gas,  either  for  heating  or  for  power.  Low-grade  coals,  high  in 
volatile  matter,  can  be  used  economically  in  producer-gas  plants. 

In  an  opening  at  Bud  Cassell's,  farther  up  Cassell  Fork,  the  lower 
bench  is  normal  (60),  but  the  laminated  coal  has  increased  in  thick- 
ness to  19  inches.  At  Flemon  Childers's,  in  a  bank  where  coal  has 
been  taken  for  two  or  three  years,  the  block  coal  is  8  feet  1  inch,  and 
the  top  bench,  bony  and  laminated,  only  8  inches.  Still  farther  up 
the  fork,  where  the  coal  approaches  water  level,  the  (59)  block  coal 
is  2  feet  7  inches  and  the  laminated  1  foot  10  inches. 

In  the  Edgewater  mine,  at  the  head  of  Marrowbone  Creek,  the 
Lower  Elkhom  maintains  a  fairly  constant  thickness.  Sections  were 
measured  at  the  mouth  (65),  230  feet  in  (65  a),  and  at  the  face  of  the 
main  entry  370  feet  from  the  crop  (65  b).  These  show  a  lower  bench 
of  2  feet  6  inches  to  2  feet  11  inches,  and  an  upper  bench  from  15  to 
20  inches  thick.  In  one  section  (65  c)  9  inches  of  solid  coal  overlies 
an  equal  thickness  of  laminated. 

Upper  Elkhom  coal, — The  first  opening  on  the  upper  Elkhorn 
coal  above  the  mouth  of  the  creek  is  that  at  the  Marrowbone  mine 
near  the  mouth  of  Rockhouse  Creek.  The  Marrowbone  Coal  and 
Coke  Compay  has  done  development  work  on  both  of  the  Elkhorn 
beds,  one  mine  being  directly  above  the  other  and  both  served  by  the 
same  incline.  On  the  upper  coal  an  entry  (44),  driven  125  feet  S.  30° 
E.,  shows  a  section  of  the  bed  which  is  different  from  any  other  found 
in  the  vicinity.  At  the  mouth  of  the  entry  it  is  3  feet  10  inches 
thick,  but  includes  a  17-inch  clay  parting,  the  bottom  of  which  is  9 
inches  above  the  floor.  According  to  R.  C.  Peacock,  manager  of  the 
mine,  this  clay,  which  contains  small  streaks  of  coal,  is  12  inches 
thick  at  the  face  of  the  drift  and  is  two-thirds  coal. 

When  this  creek  was  visited  in  September,  1906,  a  drift  on  the 
Upper  Elkhom  coal  had  been  driven  70  feet  northwest  at  the  Henry 
Clay  mine  and  showed  a  bed  4  feet  5  inches  thick  (50).  At  Cynthia 
Gibson's,  on  Lick  Branch  of  Sycamore,  a  70-f()ot  drift  shows  this 
coal  5  feet  thick  (53),  and  on  Henry  Bowen's  land,  at  the  head  of 
Sycamore  (54),  the  bed  is  3  feet  6  inches  thick. 

The  first  exposure  up  Cassell  Fork  is  at  the  Greenough  mine, 
where  there  is  a  bed  of  solid  coal  (64)  nearly  4  feet  thick.  A  sample 
of  the  whole  bed  at  this  mine  was  taken  by  the  writer  and  the  result- 
ing analysis  will  be  found  on  page  72. 

At  the  Pike  mine,  a  mile  up  the  fork  (62)  the  bed  is  less  than  3 
feet  thick  and  the  upper  5  inches  is  bony  or  mashed.  Farther  up 
Cassell  Fork  there  are  several  prospects  exposing  the  Tapper  p]lkhorn. 
Among  these  are  a  pit  on  Flemon  Childers's  land  (58)  and  a  trench  on 
the  Musgrave  place  which  show  the  bed  from  3  feet  3  inches  to  3  feet 
9  inches  thick,  the  upper  8  inches  being  bony  or  laminated. 
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At  the  Edgewater  mine,  on  the  head  of  Marrowbone  Creek,  the 

ITpper  Elkhoni  wml  is  nearly  4  feet  thick.  The  main  entry  shows 
feet  8  iiirhes  of  st>lid  coal  at  the  mouth  tintl  :!  feet  lOJ  inches  at  i 
face  (00)^  the  rest  being  bony  or  laminated. 

An  uvenige  of  i>  setiiuns  measured  nn  tliis  creek  gives  a  fnirtion 
over  Z  feet  for  the  thickness  of  the  solid  or  marketable  coah 
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Cluyl  P 


14 

Harless  Greek, 
Mose  Coleman 
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26  28 

Ferrell  Creek,    Spmcepine  Fork. 
E.  B.  BinRham       FerrellCieek 


fe=1  f^rrflv  clay 
^Iciay 


31 
Beaver  Crrek, ' 
Miles  Potter 
Cliiv  a 


111" 


Irort,! 


Marrowbone  Crieak 


Marrowbone  mine 


50 

Henry  Clay 

mine 


biiTLinaletl 

c-Mi  r 


m 

Sycamwre  Fork 
Bony  coal  BBj 
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Syca-more  Fork 


Green  oujfb  mine 
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Mother  cpiit  I 
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Marrowbone  Crefik,    Caasell  Fork,     Marrowbone  Cr<?ek,    .  ,    ^    ^ 
Pike  mine         FJemon  ChiMei's    Kd^ewater  mine      Ashcamp  bap 


2"     ■ 


^iFint  clny 


fiony  cn.-il  3 
Lam,  coal  & 


Bony  coal 


Pigeon  Branch  d 
Elkhorn  Crt'ek 


EJotiy  coal  :i^ 


I  Bony  coal  6" 


]LTijj.i?oiJ_ 


135' 


my  coa]  HB 
Fio*  11. — Upper  Elfclioni  coal  sectloiiB. 

FlafwotHh  rotiL — An  approximation  of  the  area  nnderlaia  by  tlwf 
Flat  woods  coal  is  ^hown  on  the  accompanying  map  (PL  I), 
stratigrophic  position  is  500  to  550  feet  above  the  V^pper  ElkVior 
It  has  been  prospected  bnt  little,  A  measui-enient  of  the  bed  i!?as 
made  at  the  head  of  Cassell  Fork  in  a  trencli  cut  for  the  Big  Sand 
Company  and  tlie  total  thickness  (55)  found  to  be  is  feet  d  inchfl 
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this  the  upper  f^  f^t  is  workahle  coaU  and  a  sample  wuh  taken 
for  analysis.  The  lower  12  feet  of  the  bed  is  too  much  broken  up  by 
<!lay  partings  lo  f>e  of  vahie.  Two  other  opetiiti^  in  this  siune 
locality  (56,  57),  according  to  measurements  by  E.  V,  d'lnvilliers, 
show  14  feet  2  inches  and  IG  feet  T  inches,  respectively,  but  much  of 
the  bed  is  worthless. 


56 
Cassell  Fork 


57 
Sycamore  Ctteek 
of  Elkhorn  Creek 


Shik  tiS 


12a 


SlmlelS 


lBaiiycdttl26'' 


1 43 


Bone  2 


114' 


city  §"  f 
Shale  l"l 


sr 


l24i 


BonelG  I 


BluddiySol 


ion«5 


Mother  ealU 


l^ 


0*y  I 


itr 


Bcme  nitd  foal  I 

JBonyenat^ 

|Cfl*1  and  bone  lO"     ^ 

Fta  12. — FlatwcmdH  ran  I  flt«ctJoo*i. 


On  the  Flatwoods  table-land  500  feet  above  this  coal  another  l>ed 
is  reported  **  to  hnve  been  opened  at  the  head  of  the  right  fork  of 
Sjcamore  Fork  of  Elkhorn  Creek.  It  was  not  j^-en  by  thi*  writer, 
but  it  is  reported  to  be  4  feet  thick  wi^^  only  one  thin  shale  parting. 

POND   AXn    JBSHK    CRKEKS. 

frfoltif/ir  Sir f ton. —The  geolopc  section  in  these  creeks l>egins  aljont 
10<J  feet  below  the  A^uxier  coal  and  extends  a  short  distance  above  the 
Upl>«*r  Elkhorn  roal.    The  ridge  betw^een  the  two  creeks  is  too  low  to 

•  Cnind»IL  A.  a.,  The  couls  of  Big  Sandjr  Valley- :  K^ tacky  GeoK  Survs^j,  BaJL  No.  4, 
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if  Pon™ 


ciitch  til*?  Upper  Elkhorn,  bat  it  ia  present  amund  the  head  o 

Creek.  ^^ 

Small  eoaU. — So  far  as  lenrned  the  Auxier  was  not  open  at  nii^H 
place  on  Pond  or  Jesse  creeks  hikI  mo  in  formation  could  be  obtaine^^ 
as  to  its  thickness.  A  coal  occurring  at  a  liigher  horizon  was  seen 
in  the  bank  of  Pond  Creek  above  an  old  mill,  which  is  just  below 
Camp  Branch,  at  a  point  al>nut  2(M)  feet  higher  than  Russell  Fork* 
This  is  near  the  horizon  of  the  Alillard  and  is^  a  3-foot  fjed  (71),  with 
clay  partings*  Eighteen  inches  of  solid  coal  was  9e«n  at  the  bottom, 
re.sting  on  sandstone.  Between  Camp  Branch  anil  Lanrel  Branch. 
opposite  Sanford  Moore's  house^  a  facing  .shows  two  0-inch  bands  of 
coal,  separated  by  17  inches  of  shale.  There  may  be  other  smallj 
worthless  beds  in  tlie  section  exposed  along  this  creek,  but  their  pr 
ence  was  not  tliscovered. 

Lower  Elkhorti  c^«/,— ^This  coal  was  opened  by  Sanford  Moore 
the  left  of  Pontl  Creek  just  below  the  juouth  of  I^aurel  Branch  in 
April,  1900»     It  is  marked  by  a  chute,  which  brings  the  coal  down  to 
a  bin  at  creek  leveL    The  bank  furnishes  fuel  for  the  dinky  locomo* 
tive  of  the  Clinch  Valley  Lumber  Company;  which  is  oiwrating  on 
this  creek.     Xormal  conditions  for  this  region  are  found  lie  re,  t 
bed  having  a  total  thickness  of  4  feet  4  inches  (70),  the  upper 
inches  being  himinated.     Shale  forms  tlie  roof.     An  analysis  of  s 
sample  from  the  bed  at  this  point,  including  both  laminated  and  solii 
coal,  is  giv^n  on  page  72. 

William  Ramcv  reports  that  the  coal  was  onc^  opened  in  the  hea 
of  the  hollow  back  of  his  house,  and  showed  a  4- foot  4'iiich  l)ed,  will^J 
2  inches  of  slate  between  the  solid  coal  and  the  laminated.  Mi^H 
Ramey  lives  at  the  mouth  of  the  branch  on  the  right,  just  alx)ve  Laurel^' 
Fork.  In  a  hollow  on  the  right,  one-half  mile  above  Ramey 's,  a  ban^^ 
has  been  driven  about  80  feet  N.  75^  E.,  and  coal  is  brought  out  i^^ 
a  small  tram  car  to  a  chute  for  loading  on  wagcjiis.  The  westward 
dip  of  the  rocks  makes  the  drainage  good.  The  section  here  is  t 
same  as  at  Moore's,  3  feet  of  solid  coal  with  a  16-inch  bencli  of  I 
inated  on  top> 

An  entry  on  the  right  branch  of  Laurel  Fork  has  been  driven 
feet  in  a  southwest  direction,  according  to  Sanford  Mmire,  but  the 
water  flows  in  and  the  pit  is  now  full.     The  bed  is  reported  t<»  Im* 
feet  5  inches  thick,  with  12  inches  of  laminated  separated  from  t 
solid  coal  by  soft  ^'  mother  coaL'' 

Back  of  Grant  Hawkins's  house  at  the  forks  at  the  head  of  Pond 
Creek  a  drift  75  feet  long  has  been  run  into  the  hill  S*  25°  E.  on  n 
dip  of  X.  55°  W.     The  bed  is  4  feet  thick  (GO) ,  the  lower  bench  bav 
ing  one  or  two  one- fourth  inch  jjartings  that  are  not  pei^sistent* 
Jiihn  Hawkins's  farther  up  the  creekj  a  70-foot  drift  on  the  same 
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(68)  shows  the  laminated  coal  1  inch  thicker  and  the  solid  2  inches 
thinner  than  at  Grant  Hawkins's.  The  floor  in  both  places  is  shale, 
but  at  the  first-mentioned  locality  only  2  inches  of  shale  lie  between 
the  coal  and  sandstone  roof. 

The  Lower  Elkhorn  coal  has  been  prospected  by  N.  A.  Ramey  at 
the  left  head  of  Camp  Branch  of  Pond  Creek.  His  pit  shows  (72) 
a  shale  roof,  a  bed  almost  the  duplicate  of  Hawkins's,  and  a  blue-clay 
floor. 

In  Jesse  Creek  the  Lower  Elkhorn  has  been  opened  at  the  head  of 
a  hollow  off  the  left  branch.  The  entry  which  has  been  driven  60 
feet  shows  3  feet  of  shale  between  the  coal  and  overlying  sandstone, 
and  a  bed  at  least  3  feet  8  inches  thick,  the  upper  14  inches  of  which 
is  laminated  coal.  The  bottom  was  not  seen.  Frank  Owens,  who 
lives  at  the  head  of  this  creek,  reports  an  opening:  on  the  right  side 
of  the  right  fork,  that  was  driven  west  75  feet  on  a  coal  bed  dipping 
in  the  same  direction.  The  roof  is  weak  shale,  and  the  bed  5  feet 
thick,  the  upper  half  of  it  being  worthless.  Coal  opened  back  of 
Owens's  house,  about  250  feet  below  the  Lower  Elkhorn.  is  said  to  be 
2  feet  thick. 

Upper  Elkhorn  coal. — A  bloom  of  the  ITpper  Elkhorn  coal  was 
seen  at  the  head  of  Pond  Creek,  above  John  Hawkins's  bank  (68). 
The  coal  is  reported  to  be  4  feet  thick,  the  lower  i)art  peacock  coal 
and  the  upper  a  good  blacksmith  coal.  About  100  feet  higher  in  the 
hill  a  hole  shows  another  bed  42  inches  thick,  with  a  sandstone  roof 
and  5  inches  of  clay  1  inch  from  the  top.  Grant  Hawkins  is  author- 
ity for  the  statement  that  there  is  a  1-foot  coal  20  feet  above  this 
and  a  3-foot  coal  still  higher.  These  were  found  in  plowing  and  are 
not  now  exposed.  Sanford  Moore  reports  a  bed  of  solid  coal  5  feet 
2  inches  thick  at  the  head  of  Laurel  Fork,  340  feet  above  the  Lower 
Elkhorn  and  too  high  to  be  the  Tapper  Elkhorn.  An  entry  was 
driven  in  on  it  4  feet  up  the  rise,  when  digging  stoi)pe(l.  The  pit  has 
caved  so  that  the  report  could  not  be  verified. 

LITTLE    CREEK    AND    MOORKS    BRANCH. 

Geologic  section. — A  section  measured  in  the  river  bluff  between 
these  two  branches  and  giving  the  se(|uence  of  the  rcx'ks  from  the 
railroad  to  the  top  of  the  intermediate  ridge  will  bo  found  on  PI. 
Hi  (sec.  10).  Unfortunately  none  of  the  coals  above  the  Elswick 
were  seen  in  climbing  the  hill,  and  the  positions  indicated  in  the  sec- 
tion are  only  suggestions  of  their  probable  liKation. 

Elswick  coal. — This  coal  rises  above  the  river  at  the  month  of  Lit- 
tle Creek  and  is  exposed  just  below  Moores  Branch  in  the  rock  cut 
along  the  railroad  a  few  feet  above  the  track.  The  cut  shows  a  shale 
roof,  3  feet  to  3  feet  4  inches  of  coal  (75),  and  a  sandy  shale  floor  2 
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feet  thick  retitin^  on  n  ma^^sivo  gray  micaceous  sandstone.  There^ 
iH  n  snuill  pyritt.*  stringer  near  ihe  liottom  of  the  iiecl  The  Klswick_ 
has  been  oi>eiied  on  Mooreij  Branch,  but  is  now  caved. 

Atixier  coaL— On  Little  Creek*  on  the  noiih  hillside  back  of 
C  Maynors  house,  tliei-e  h  a  SO-foot  drift,  running  nmihvTe>st  (lows 
the  dip  of  the  Auxier  coal,  which  is  *6  feet  8  inches  thick  and  has  ti 
puttings  near  the  bottom   (74),     A  praspect  on  the  point  betweeiP 
the  forks  of  the  creek,  at  an  elevation  of  0K>  feet,  is  caved,  so  that 
the  coal  can  not  be  seen,     Calvin   Ramey  has  an  opening  on  th^| 
Aiixier  in  the  hollow  one-half  mile  below  Little  Creek*     It  is  150 
feet  above  the  railroad,  on  the  left  fork  of  the  hollow,  one- fourth  ^ 
mile  from  his  house  (73).     He  opened  it  in  the  winter  of  1905  anilfl 
drifted  8.  70°  W.  a  few  feet,  then  turned  S.  20'''  W.     At  the  time  it" 
was  visited  only  Si  feet  3  inches  of  coal  could  Ijl*  setui,  but  Mr,  Kamey 
repoiled  a  thin  parting  and  7  inches  of  coal  l»e!nw  the  floor  of  li 
bank.    This  was  conJirmed  hy  a  prospect  in  the  i^ame  hoUow,  a  ftn 
rods  away,  where  the  thii'kiic.s.s  ul  the  l^^d  is  H  feel  1  inch  with  a  2-inc 
parting  7  inches  from  the  floor* 

The  outcrop  of  the  Auxier  goes  below  water  level  about  thi 
quarters  of  a  mile  up  Mooivs  Branch*  It  has  been  prospecUil  if 
two  phices  near  the  stream,  but  the  only  measurement  made  on  tin 
branch  was  obtained  in  the  first  little  sag  on  the  left  2fJf)  yards  up-^ 
stream  from  the  i-ailroad  and  200  feet  above  the  branch*  Tlus  is 
the  thickest  section  of  the  Auxier  seen  in  the  field, -being  4  feet  6 
inches  (7t>)  with  a  ^-inch  chiy  parting  near  the  bottom*  The  nsual 
shale  roof  and  sandstone  floor  were  found  here* 
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Geologle  aectiotL—A  section  (PI*  III,  s^\  11)  measured  in  the  801*- 
foot  blutf  opposite  ElkJiorn  City  at  the  mouth  of  Elkhorn  Creek  indi- 
cates  the  seipience  of  rocks  exposed  in  this  valley*  The  top  of  th« 
Lee  conglomerate  is  a  few  feet  abo\c  water  at  the  creek  mouthy 
and  the  Lower  Elkhorn  coiil  is  near  the  top  of  t!ie  ridge.  A  heavy 
sandstone  50O  feet  above  the  river  is  correlated  with  that  which 
makes  a  conspicuous  ledge  at  Ashcamp,  and  a  12-  to  15- inch  bed  of 
coal  found  near  the  mouth  of  Jackstai  Branch  is  thought  to  lie  near 
the  horizon  of  the  Millard  (^oal.  At  J<a^s  IJranch  antl  in  the  viciniijr 
of  Pound  Gap  the  Upper  Elktiorn  is  barely  100  feet  above  the  creek* 

Khwick  coaL — The  eastward  ri.se  of  the  rcK'ks  puts  tlic  ELswiek 
coal  870  feet  above  tide  at  Elkhorn  City*  Openings  near  the  month 
of  Elkhorn  Creek  have  caved  in,  b\tt  the  Elswick  coal  is  seen  on  th« 
left  SO  feet  above  the  creek  at  the  ford  a  half  mile  from  Elkhont 
City.  The  old  coal  bank  is  full  of  water,  but  at  least  2  feet  of  cod 
is  visible.     At  the  other  end  of  the  same  fieldj  opposite  the  mouth  «f 
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Cane  Branch,  close  to  Alexander  Adkins's  house,  there  is  an  entry  20 
feet  deep.  It  has  a  sandstone  floor  and  a  good  shale  roof.  The  bed 
(77)  is  2  feet  9  inches  thick,  with  a  half -inch  band  of  sandstone 
close  to  the  top.  On  the  right  side  of  the  creek  above  tlie  mouth  of 
Cane  Branch  a  bank  is  kept  open  to  supply  a  small  local  trade  and 
shows  2  feet  6  inches  of  coal.  Roof  and  floor  are  the  same  as  at 
Adkins's,  and  the  dip  is  to  the  west.  This  dip  makes  drainage  on 
the  right  side  of  the  creek  difficult.  The  Elswick  coal  bed  goes 
below  creek  level  near  the  mouth  of  Pond  Branch  on  the  land  of 
Alec  Roberts. 

Auitier  coal, — Although  the  outcrop  was  traced  up  the  west  side 
of  Elkhorn  Creek  for  more  than  2  miles,  no  measurements  were  ob- 
tained on  the  Auxier  bed.  In  the  bluff  opposite  the  store  at  Elkhorn 
City  coal  was  found  about  275  feet  above  the  lA>e  conglomerate,  or 
300  feet  above  the  river,  on  top  of  a  30-foot  massive  sandstone  and 
overlain  by  shale.  This  seems  to  be  at  the  horizon  of  the  Auxier, 
but  the  section  is  so  different  from  any  seen  elsewhere  that  it  is  ques- 
tioned and  was  not  considered  in  determining  the  average  thickness 
of  the  Auxier  bed.  At  this  place  there  are  two  benches  of  coal,  tlie 
upper  18  inches  and  the  lower  12  inches  thick,  separated  by  6  feet  of 
shale.  The  Auxier  falls  below  the  creek  in  the  bend  below  the 
mouth  of  Kettlecamp  Branch. 

Lower  Elkhorn  coal, — Few  openings  have  been  made  on  the  Lower 
Elkhorn  coal  bed  on  the  lower  part  of  the  creek.  The  first  observed 
is  in  Jackson  Branch,  where  William  and  Caleb  Wood  have  a  ])it  on 
the  left  of  the  stream  a  little  over  a  mile  above  the  mouth.  This  pit 
shows  a  4-foot  2-inch  bed,  the  upper  15  inches  being  laminated.  In 
a  hollow  on  the  right,  one-half  mile  below  Wood's,  I*res.  Bartley 
opened  the  same  l)ed  (78)  in  the  winter  of  1905,  one-fourth  mile  up 
the  hollow  and  325  feet  above  Jackson  Branch.  The  bed  has  the  same 
thickness  as  at  Wood's,  but  only  2  feet  5  inches  of  it  is  solid  block 
coal. 

•   On  Ashcamp  Branch,  back  of  G.  W.  Bartley's  store,  a  bank  opened 

on  the  Lower  Elkhorn  reveals  10  inches  of  solid  coal  underlain  by  9 

inches  of  laminated  coal  and  a  bottom  bench  at  least  2  feet  G  inches 

thick.     The  drift  is  driven  about  30  feet  S.  20°  E.  cm  a  northward  dip. 

In  the  head  of  a  hollow  on  the  right  of  Sycamore  Creek  there  is  an 

opening  in  which  30  inches  of  solid  coal  was  seen,  with  an  upper  bench 

.    of  15  inches  laminated  and  5  inches  bony  coal.     The  bed  is  said  to  be 

!    6  feet  thick  in  the  face  of  the  drift,  which  is  42  feet  long.     On  the 

)    west  side  of  the  same  hollow  a  drift  was  once  driven  35  feet  on  the 

coal  by  Joel  RatlifF,  who  says  he  found  8  feet  of  solid  coal  at  the  base 

and  nearly  10  feet  of  laminated  coal  above.     The  drift  caved,  burying 

tools,  car,  etc.,  and  has  never  been  reopened. 

4086^— Bull,  34^-OS 5 


66  COAL,  RESOURCES   OF    THE   RUSSELL   FORK    BASIN. 

An  opening  on  Harry  Bentley's  place,  below  the  mouth  of  Pigeon 
Branch,  shows  a  4- foot  bed,  only  the  upper  2  inches  being  lami- 
nated (80). 

On  the  right  side  of  Big  Branch  an  opening  on  A.  W.  Childers's 
property  shows  the  Lower  Elkhorn,  which  is  there  (82)  composed  of 
30  inches  laminated  coal  and  only  13  inches  solid  coal.  This  is  hardly 
representative  of  the  bed,  however,  for  it  seems  to  be  close  to  a  local 
fault  which  may  have  affected  the  proportions  of  laminated  and 
block  coal.  On  Shop  Branch  a  pit  opened  by  Don  Ratliff  reveals 
this  bed  3  feet  G  inches  thick  with  1  foot  of  laminated  coal  (83)  in 
the  middle,  and  on  the  head  of  Shelby  Creek  at  Blackhead  Vanover's 
a  40-foot  drift  shows  10  inches  of  solid  coal  at  top  and  15  inches  at 
the  bottom,  but  with  20  inches  of  laminated  coal  in  the  midst  of  the 
bed.     This  coal  shows  a  bloom  in  the  road  just  below  Shelby  Gap. 

Along  the  road  one-fourth  mile  above  Shelby  Gap,  where  the 
creek  has  cut  a  rock  cliff,  there  is  exposed  a  21-inch  bed  of  coal  and 
b(me  which  can  be  traced  to  Marshall  Branch.  This  bed  lies  over  40 
feet  below  the  Lower  Elkhorn  coal.  In  the  hollow  back  of  J.  D. 
Bentley's  house  the  Ix)wer  Elkhorn  has  been  developed  by  an  entry 
driven  X.  70°  E.  25  feet  under  a  sandstone  roof.  The  bed  is  3  feet 
thick  and  has  a  1-inch  shale  band  between  the  solid  and  laminated 
coal  (84).  At  Esau  Moore's,  a  little  farther  up  the  creek,  the  small 
bed  mentioned  above  is  at  water  level  18  inches  thick,  and  a  15-inch 
bed  is  about  20  feet  above  it.  In  the  hollow  opposite  Moore's  house, 
50  feet  above  the  creek,  there  is  a  pit  on  the  Lower  Elkhorn  which 
shows  much  the  same  characters  (85)  as  are  seen  at  Bentley's.  In 
the  bed  of  Marshall  Branch,  below  the  forks,  at  William  Isom's,  the 
Lower  Elkhorn  appears  again  with  the  same  sandstone  roof,  7  inches 
of  solid  coal  and  7  inches  of  laminated,  separated  from  the  18-inch 
block  coal  by  2  inches  of  shale.  At  the  forks,  a  few  rods  farther  up 
the  branch,  a  pit  discloses  a  coal  bed  2  feet  8  inches  thick,  which  can 
be  but  little  above  the  Lower  Elkhorn. 

Just  above  water  level  in  the  bank  of  Elkhorn  Creek  at  Alec 
Isonrs,  below  Peaks  Branch,  an  o|)eniii<r  on  the  Lower  Elkhorn  coal 
shows  the  bed  to  l)e  nearly  3  feet  thick,  but  with  over  a  foot  of  lam- 
inated and  bony  coal  in  the  middle  (8!)). 

r ppcr  hlkJiorn  codl. — This  coal  is  so  hi<2:h  in  the  hills  alon^i^  the 
lower  part  of  the  creek  that  little  prospecting  has  been  done  on  it 
below  Shelby  Oap.  A  pit  at  Ashcainp  (lap,  1,577  feet  above  title, 
reveals  a  2-foot  10-inch  bed  (()7),  the  upper  G  inches  of  which  is 
bony.  On  the  longest  fork  of  Pigeon  Branch  a  100-foot  drift 
niaile  by  L.  J.  Vanover  shows  4  inches  laminated  and  35  inches  solid 
coal  at  the  face  (81). 

On  Marshall  Branch  the  Upper  Elkhorn  begins  to  assume  the 
j)ro|)ortions  that  have  become  famous  in  this  region.     At  the  head 


ELKHORN   CttEKK. 

<*f  tlic  vl0a  fork  WiUiiuti  Joluihon  hikei^  coal  from  a  pros|x*cl  pit 
(8B)  at  oi*eek  knel,  in  which  there  is  a  top  bench  of  coal  31  liicheb 
thick  and  a  lower  nue  at  leant  20  inches  thick.  The  whole  bed  wns 
not  expofrieil,  so  the  floor  couhl  not  be  heeii,  but  the  roi»f  h  foswil- 
iferous  shale.  At  the  heiid  of  the  left  fork  of  Miu-shall  BraueJi 
there  are  two  upeimig^  in  which  the  bed  in  8  feet  thick*    At  Caleb 
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opuuing,  which  shown  the  Ijcd  ill  ienj^t  10  feet  thick  (DO)  with  only 
one  10- inch  parting.     The  entire  hed  was  not  measured  becaiLse  o| 
wiiter  in  the  pit*     On  the  right   fork  of  Pt^aks  Branch,  oppotiit 
Levi  Potter's  house,  a  trench  shows  the  bed   (91)   to  be  at  least 
feet  thick  and  tiie  bottom  was  not  seen.     Twenty  inches  of  djal 
in  two  i)artitigs  are  inchided. 

On  Bens  Branch  near  Ben  Potter's  house,  about  100  feet  abot 
Elkhorri  Creek,  this  coal  is  finely  shown  in  a  drift  :^0  feet  long.  Tfc 
bed  is  8  feet  10  inches  thick  and  has  only  one  parting,  which  is  nea 
tlie  middle  (92),  The  analysis  of  this  coal  from  the  wTiters  sampli 
given  on  i)age  7*2  show^s  that  it  is  of  very  high  grade. 

The  Iwd  is  etpially  gooil  on  Joey  Branch,  \\liere  the  Bleveiis  open 
ing,  on  John  Venner'a  land  (^>3),  ^ows  a  section  af  8  feet  3J  inche 
with  only  2 J  inches  of  parting  instead  of  10. 

At  tlie  mouth  of  Little  Elkhorn,  less  than  40  feet  above  the  cre« 
and  close  to  the  ford,  a  pros2:iect  on  John  Wright's  lanrl  shoivs  a 
which  was  not  recognized.    Whether  it  is  tlie  Upper  Elkborn  or  nc 
is  an  unsettled  (|uestion.    The  dips  in  tlie  vicinity  suggest  tliat  it 
a  lower  coal  than  the  one  seen  at  MuUinsV  nenr  the  head  of  the  creelj 
This  bed  at  Wright's  is  nearly  9  feet  thick,  but  it  carries  42  inches  i 
clay  (U4)  in  the  middle. 

At  the  main  head  of  Elkhorn  Creek,  the  fork  flowing  fmm  the 
north  toward  Pound  Gap,  tliere  is  an  opening  commonly  known  n$^ 
the  Mullins  bank  (95),  wdiich  shows  the  Upper  Elkhorn  7  feet  ^| 
inches  thick  separated  near  the  middle  into  two  benches  by  3  inebe^f 
of  clay.  The  lowest  bench  has  several  2  inch  bands  of  Iuster1e,<^^| 
splint  coal.  An  analj^sis  of  a  single  chip  of  this  dull  coal  .show^ed  ^B 
per  cent  ash.  A  sample  of  the  splint  coal  in  the  lower  bench  of  the 
Upper  Elkborn  taken  by  J.  J.  Ilillsman,  presnmably  at  the  Mnlliiij 
oijening,  had,  according  to  J.  W*  Fox,  the  following  composition: 

Anuiysh  of  Uftprr  Elkhont  ^pJinf  coal, 

lotto  Wuth,  analjutj 

fVr 
MolBtare . ^_^_- ^, ^___^ a*N 

Vcjhitne  uiattpr ^ — — .«-. . .^^. -^-^_^-_ 34* 

Fixed  carbon  ^, . -^ ^ — ^^__^____^_^,, Ot;,; 

Afih ^ ^ ^ -,-^ „,__„_,._ ^^,_     1,1 

Stih^hnr ^_^^ ,^^^_^_, ,^_. 

Pboisplior'Ufi  -_^ * ^_^^,,^ — .. ,_^ 

This  is  suri3risingly  low  in  ash,  for  the  splint  eoals  in  the  souther 
part  of  West  Virginia  average  between  3  and  4  per  cent  ash.  Tlii 
sample  represents  14  inclies  of  splint  coal  found  23  inches  above  t\ 
floor.  The  entry  to  the  Mullins  bank  (PI.  IV,  A)  has  been  dri^-^ 
about  50  feet  S.  15^  E. 
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Coal  was  taken  from  the  MiiUins  bank  for  testing  the  coking  quali- 
ties of  the  Upper  Elkhorn  in  beehive  ovens  built  by  the  Northern 
Coal  and  Coke  Company  on  John  Wright's  farm.  The  character  of 
the  coke  is  described  in  a  later  chapter.  An  analysis  of  the  coal  in 
the  Mullins  bank,  given  repeatedly  in  the  reports  of  the  Kentucky 
Geological  Survey  and  of  the  inspector  of  mines,  will  be  found  on 
page  73. 

Reports  by  A.  E.  Crandall,  of  the  Kentucky  Geological  Survey; 
Neil  Robinson,  of  Charleston,  W.  Va.;  H.  Hardaway,  of  Georgel, 
Va. ;  Arthur  M.  Miller,  of  Lexington,  Ky.,  and  others,  all  agre«  that 
the  Upper  Elkhorn  maintains  the  same  thickness  and  characteristics 
as  here  described  throughout  a  large  area  around  the  heads  of  Boone 
Fork  of  Kentucky  River  and  of  Shelby  Creek  (PI.  IV,  B),  This 
average  thickness  of  8  feet  is  not  confined  by  any  means  to  the  head  of 
Elkhorn  Creek.  The  thickness  of  the  bed,  its  extent,  and  its  steaming 
and  coking  qualities  all  point  to  the  conclusion  that 
it  is  the  best  mining  bed  in  the  field  here  discussed.  BlowingRock  Gap 
It  is  not  at  present  within  easy  reach  of  a  railroad. 
Mr.  Crandall  calls  this  the  Lower  rather  than  the  uminatedl 
Upper  Elkhorn  coal.  contorted  f 

Coals  on  the  flank  of  Pine  Mountain. — Coal  has     ^*  ^^^ 
been  found  in  several  places  on  the  flank  of  Pine 
Mountain,  east  of  Elkhorn  Creek,  but  because  of  the  ^Ise'' 

steep  dip  it  is  not  known  just  what  beds  are  ex-  ^■(seen) 

posed  here.  A  coal  reported  to  be  9  feet  0  inches 
thick,  on  William  Potter's  land,  between  Joes  k„j  i4.— coai  on 
Branch  and  Pound  Gap,  has  a  section  similar  to  Blowing  Rock 
that  of  the  Upper  Elkhorn  on  the  other  side  of  the 
creek.  Although  a  bed  over  8  feet  thick  was  seen,  the  bottom  of  the 
coal  was  not  reached,  and  it  is  possible  that  the  reported  thickness  is 
correct.  The  bed  reported  by  the  Kentucky  Geological  Survey,  1  mile 
up  Pigeonroost  Creek,  at  water  level,  is  said  to  be  10  feet  of  clean, 
solid  coal.  An  analysis  of  this  coal  given  in  the  table  (p.  73)  shows 
that  it  is  of  high  grade. 

Several  other  openings  were  reported  on  the  mountain  side,  but 
they  are  caved  so  that  the  coal  can  not  be  measured.  A  coal  has  been 
found  in  a  hollow  on  the  north  side  of  the  road  from  Ashcamp  to 
Blowing  Rock  Gap  near  George  Bartley's  house.  An  opening  made 
ten  years  ago  is  so  caved  now  that  only  a  portion  of  the  bed,  reporte<l 
from  9  to  11  feet  thick,  is  visible.  The  writer  saw  under  a  massive 
sandstone  40  inches  of  mashed  and  contorted  coal  which  rested  on  3 
feet  of  solid  coal  (79).  It  was  evident  that  only  a  portion  of  the 
block  coal  was  exposed.  The  statement  of  the  neighbors  is  that  a  tall 
man  could  stand  under  the  slaty  or  laminated  coal  and  not  rub  his 
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hat.  This  being  so,  the  bed  is  at  least  9  feet  thick  at  this  point,  but 
it  is  possible  that  this  may  be  a  pocket,  and  that  any  coal  on  the 
mountain  side  close  to  the  fault  is  badly  crushed  and  possibly  broken 
by  small  faults.  An  analysis  of  this  coal  by  the  Kentucky  Geological 
Survey  is  given  on  page  73.  It  hardly  seems  possible  that  the  lami- 
nated coal  or  the  whole  thickness  of  the  bed  was  included  in  the  sam- 
ple from  which  this  analysis  w^as  made,  for  it  shows  only  2.16  per 
cent  ash. 

SUMMARY. 

It  will  be  seen  from  the  foregoing  description  of  the  field  that  it 
contains  six  coals  of  workable  thickness.  Two  or  three  other  beds 
have  a  problematic  value.  The  following  taKle  shows  the  range  in 
thickness  of  the  workable  beds: 


Nummary  of  coal  beds. 


Name  of  coal  bed. 


Els^viek 

Auxier. 

Mfllard 

Bingham 

Lower  Elkhoni. 
Upper  Elkhorn.. 


Maximum. 

Ft.  in. 

3  10 

4  T) 
6    11 
9      4 

Minimum. 

Ft.  in. 
2     6 
1      8 

1  6 

2  6 
2      9 
2    10 

Average. 

Number  of 
sections. 

Ft.  in. 
3     1 
8      1 

2  5 

3  1 

4  8 

5  8 

5 
8 
20 
4 

34 
19 

It  should  be  borne  in  mind  that  this  table  is  based  on  total  thick- 
ness of  bed,  and  does  not  represent  the  amount  of  marketable  coal 
(contained  in  each  bed,  nor  indicate  which  are  and  which  are  not  gcxxl 
milling  beds.  For  instance,  although  5  sections  of  the  Elswick  bed 
give  an  average  of  3  feet  1  inch  for  the  wliole,  the  average  amount 
of  workable  coal  in  the  sections  is  only  2  feet  7  inches. 

The  Auxier  coal  is  shown  to  be  about  8  feet  thick,  and  as  it  usually 
has  but  one  parting  it  can  be  counted  on  to  yield  at  least  2J  feet  of 
coal  ill  part  of  the  Held.  Present  conditions  do  not  as  yet  demand 
the  development  of  beds  of  this  size,  but  they  constitute  a  reserve 
which  may  at  some  future  day,  when  the  thicker  beds  have  been  ex- 
hausted, yield  a  large  tonnage  of  good  bituminous  coal. 

It  ap])ears  from  the  above  table  that  the  Millard  coal  bed  ranges 
from  1  foot  ()  inclies  to  4  feet  4  inches  thick,  averaging  2  feet  5  inches. 
Lest  this  be  uiisleading,  it  should  be  stated  that  the  thickest  known 
occurrence  of  the  bed  is  on  Jimmie  Creek  (IT),  where  it  is  unwork- 
able because*  it  contains  too  much  shale  and  pyrite.  There  is  only  15 
inches  of  solid  coal  in  the  thinnest  section,  and  this  is  too  little  to 
mine.  The  ilillai'd  is  a  mining  ])ed,  therefore,  in  only  a  portion  of 
its  extent,  and  several  decades  will  pass  before  it  becomes  necessary 
to  touch  a  bed  of  this  character  in  the  great  coal  field  of  eastern 
Kentucky. 
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The  Bingham  coal  was  seen  at  so  few  points  that  little  is  known  of 
its  extent  or  character. 

Of  the  Lower  Elkhom  coal  it  should  be  noted  that  the  average 
thickness  of  the  bed  as  given  in  the  above  table  is  too  great  for  the 
entire  field  included  in  the  accompanying  map.  On  Beaver  and  Fer- 
rell  creeks  the  amount  of  coal  that  could  be  mined  is  over  5  feet, 
while  on  Marrowbone  Creek  it  is  not  over  4  feet,  and  nearly  one- 
third  of  this  is  not  marketable.  Elsewhere  in  the  field  the  bed  is 
even  thinner. 

The  thickness  of  over  5  feet  as  given  for  the  Upper  Elkhorn  bed 
is  due  to  a  number  of  sections  of  great  thickness  from  a  small  portion 
of  {he  field.  At  the  head  of  Elkhom  Creek  the  amount  of  market- 
able coal  in  this  bed  is  close  to  8  feet,  while  on  Marrowbone  Creek  it  is 
little  over  3  feet.  A  closer  approximation  of  the  thickness  of  the  bed 
<hroughtout  the  field  would  be  about  5  feet. 

ANALYSES  OF  COAL. 

All  of  the  coals  in  this  part  of  the  great  Appalachian  coal  field  are 
bituminous,  but  few  are  of  higher  grade  than  those  found  in  the  Elk- 
horn  field  of  eastern  Kentucky.  They  will  probably  rank  among  the 
Ijest  steam  generators,  and  their  coking  qualities  are  practically  as- 
sured. Chemical  analysis  shows  that  the  sulphur  content  is  uni- 
formly low  and  that  the  amount  of  ash  is  moderate. 

The  following  table  shows  the  results  of  analyses  made  of  some  of 
these  coals  by  F.  M.  Stanton  at  the  United  States  Geological  Survey 
fuel-testing  plant  at  St.  Ix)uis.  The  samples  analyzed  were  collected 
by  the  writer  according  to  Survey  regulations,  which  require  that 
mine  samples  be  taken  by  cutting  a  channel  across  a  clean  face  of  the 
coal  bed,  including  everything  except  partings  and  binders  over  one- 
fourth  inch  in  thickness.  Channels  are  of  such  size  as  to  furnish 
about  5  pounds  of  coal  per  foot  of  bed,  and  the  material  is  caught  on 
oilcloth  to  keep  out  dirt  and  excess  moisture.  The  gross  sample  is 
pulverized  and  quartered  in  the  mine  until  reduced  to  about  one 
quart,  which  is  sealed  in  an  air-tight  galvanized- iron  can.  The 
original  moisture  content  of  the  coal  is  thus  prestM-vecl  until  the 
sample  is  opened  for  analysis. 
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Laboratory  analyses  of  coal  samples  from  Elkhom  fMd,  Kentucky. 
[F.  M.  BtantoQ,  analyst;  sampled  by  R.  W.  Stone.] 


Name  and  location  of  ooal. 

- 

laid. 

Lower  Klkliom. 

Upper  Klkliom. 

Flat- 
woo^ 

H.B. 
Cole- 

Segina. 

Pike  mine. 

Robert 

Martin, 

Road 

exclod- 

ilSS- 

nated 
ooaL 

Sanloid 

Oreen- 
oncb 
mine. 

Ben 

Plittar, 

Klk- 

hom 

Greek. 

Whole 
bed. 

Kx- 

olndina 
lamK 
nated 
coal. 

• 

Lami- 
nated 
ooal 
only. 

OumO 

Xooie, 
Fond 
Creek. 

fSS 

-^ 

b^ 

Laboratory  number 

8002 

8706 

8906 

8302 

8068 

8061 

8706 

8888 

8889 

Sample  as  received: 

Hoteturea 

a.  00 
82.22 
56.60 
8.19 
1.00 

2.90 

28.60 

68.70 

14.81 

.49 

8.86 
81.76 
60.81 

4.08 
.54 

8.19 

25.88 

4S.61 

22.87 

.40 

4.78 
8L02 
6L57 

2.08 
.71 

5.27 
27.74 
69.75 

7.24 
.60 

i.OB 
82.46 
66.78 

4.78 
.74 

8.96 
a.  87 
ALIO 

2.67 
.66 

8*45 

Volatile  mattera 

Fixed  carbona 

tt.01 

64.61 

Ash 

8.18 

Sulphur 

.88 

Loss  of  moisture  on 
air  drying 

1.40 

1.80 

1.70 

L80 

8.20 

8.40 

2.80 

L90 

1.70 

Alr-drled  sample: 

Molsturea 

1.62 

82.08 

ffir.89 

8.81 

1.07 

1.62 

28.97 

54.41 

16.00 

.80 

1.68 
82.81 
61.86 

4.15 
.55 

1.42 
26.80 
49.50 
22.78 
.41 

L68 
82.66 
68.61 

2.15 
.78 

1.98 
28.72 
61.85 

7.50 
.62 

1.96 
88.40 

eoi4S 

4.92 
.76 

88.00 

2.02 
.S7 

L78 

Volatile  mattera 

Fixed  carbono 

84.9 
fift.ll 

Ash 

8b# 

Sulphur 

.88 

Fuel  ratio 

1.70 

1.88 

1.92 

1.88 

1.96 

2.15 

LSI 

LOO 

L68 

«  Proximate. 


The  analy.ses  in  the  preceding  table  indicate  a  good  grade  of  coal 
in  each  of  the  beds  from  which  samples  were  taken.  They  show  that 
the  Millard  and  Flatwoods  coals  have  the  highest  percentage  of  ash 
and  lowest  fuel  ratios,  and  that  the  Lower  Elkhom  coal  on  Pond 
Creek  has  a  higher  fuel  ratio  than  any  other  coal  from  the  localities 
represented  by  the  analyses.  The  high  percentage  of  ash  in  the 
samples  of  Lower  Elkhorn  coal  from  the  Pike  mine  has  been  dis- 
cussed on  page  57.    Moisture  and  sulphur  are  low  in  each  of  the.se. 

Analyses  made  by  A.  S.  McCreath  of  samples  taken  by  E.  V. 
dTnvilliers,  Joseph  Sillyman,  and  others  are  given  in  the  following 
table.  They  have  been  assembled  from  reports  of  the  Kentucky 
Geological  Survey,  reports  of  the  Kentucky  Inspector  of  Mines,  and 
private  reports.  The  writer  does  not  know  what  method  of  sampling 
was  used  or  what  care  was  taken  of  the  samples,  but  from  the  results 
obtained  it  is  suspected  that  they  dried  before  being  analyzed  and 
that  in  some  samples  the  whole  of  the  bed  was  not  represented.  It 
makes  a  difference  with  the  Lower  Elkhorn  coal  whether  the  lam- 
inated coal  is  included  or  not,  as  shown  in  the  preceding  table. 
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Analyses  of  miscellaneous  coal  samples  from  Elkhorn  field,  Kentucky. 


Constitnents. 


Moisture 

Volatile  matter . 
Fixed  carbon . . . 

A»h 

Sulphur 

Phoephorus 


Name  and  location  of  coal. 


^cl   A^*«' 


Mouth 

of 
Moores 
Branch 


(a) 
0.65 
30.55 
59.239 
8.1W 
1.381 


Mouth 
of  Elk- 
horn 
Creek. 


(«) 

0.65 
29.96 
58.98 

9.72 


Fuel  ratio...     1.94 


Lower  Elkhorn. 


Aver- 
age of 
228am- 
ples. 


1.425 

82.ia5 

58.4»> 

7.459 

.574 

.0039 


Ferrell 
Creek. 


Head 

Ferrell  ^LJL"" 

^'^^-    bSne 
Creek. 


(«)     : 
2.89 
32.21 
59.90 
4.33 
.67    , 
.008  I 


7.70    I 
23.80 
61.46 

7.48 
.567 


(°) 

0.92 

36.78 

58.08 

4.22 

.47 

.006 


Aver- 
age of 
9  sam- 
ples. 


1.441 

31.804 

56.837 

9.538 

.558 

.0028 


1.82 


1.86 


2.64 


1.58 


1.79 


Upper  Elkhorn. 

Aver-  AbnersElS®*)!^ 
age  of  ,  Fork,  i^ffi^*^** 
19  8am-  Ferrell    i?*5" 

pies.    ,  creek.  I   horn 


1.538 

34.985 

58.367 

4.499 

.587 

.0022 


(«) 

7.54    , 
25.14 
60.60    I 

6.72 
.428 


1.420 

32.960 

59. 317 

5.620 

.68:) 

.001 


1.67 


2.41 


1.80 


Name  and  location  of  coal. 

Upper  Elkhorn. 

Flat- 
woods. 

Caasi'll 
Fork. 

(?) 

Constituents. 

Marrowbone 
Creek. 

Marshall 
Branch. 

Mullins  bank. 
Elkhorn  Crt»ek. 

Bens 
Branch 
Elk- 
horn 
Creek. 

Pigeon- 
roost 
Creek. 

1.06 

37.91 

58.79 

2.23 

.76 

.004 

Blow- 
ing 

Rock 
Gap 

road. 

Moisture  

33.41 

56.54 

7.67 

.51 

.006 

/.?u 

34.916 

57.068 

6.230 

.642 

.004 

(0 

1.242 

35.598 

60.014 

2.610 

.536 

.002 

1.24 

3M.84 

58.65 

1.26 

.64 

.004 

2.60 
M.'20 
60.80 

2.40 
.412 

(0 

1.930 
36.950 
58.247 

2.380 
.593 

1.930 
36.170 
57.423 

3.880 
.597 

3.594 
35.156 
52. 792 

7.750 
.708 

C) 
0.60 

Volatile  matter... 

Fixed  carbon 

Ash 

Sulphur 

39.22 

58.00 

2.16 

.90 

Phosphorus 

.005 

Fuel  ratio. . . 

1.69 

1.63 

1.69 

1.51 

1.78 

1.58         1.59    1     1.50    !     1.55           1.48 

•Crandall,  A.  R..  The  coals  of  U\ti  Sandy  Valley:  Kentucky  (ieol.  Survey.  Bull.  No.  4, 
1905,  pp.   108-1 1«. 

*  Manufacturers'  Record,  vol.  45,  No.  L'.'t,  supplement.     11)04. 

*•  Private  reports. 

'Annual  reports  of  inspector  of  mines.  Kentucky.  11MH-10()2,  pp.  417-421. 

Crandall  explains  that  the  hi^h  percentage  of  nioi.sture  and  ash  in 
the  analyses  of  samples  from  Ferrell  Creek  is  due  to  their  lx»ing  taken 
from  weathered  surfaces  and  possibly  containing  infiltered  dirt.  It 
is  possible  that  the  same  explanation  may  apply  to  others  of  these 
analyses,  for  it  is  noticeable  that  the  sample  of  coal  from  Bens  Branch 
of  Elkhorn  Creek,  which  was  probably  taken  from  Ben  Potter's  open- 
ing at  the  outcrop,  is  of  lower  grade  than  that  from  Ben  Potter's, 
which  is  shown  in  the  first  table,  and  which  the  writer  cut  from  the 
heading,  20  feet  from  the  outcrop,  where  the  coal  is  unweathered. 

These  miscellaneous  analyses  show  that  the  fuel  ratio  of  the  Upper 
Elkhorn  coal  is  generally  lower  than  that  of  the  Ix)wer  Elkhorn,  but, 
on  the  other  hand,  the  average  percentage  of  ash  in  the  I^)wer  Elk- 
horn coal  is  nearly  double  that  in  the  higher  lx»d.  The  sulphur  and 
phosphorus  content  is  uniformly  low  in  all  these  analys(»s. 
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The  following  table  is  given  for  the  purpose  of  comparing  the  Elk- 
horn  coals  with  well-known  eastern  bituminous  coals: 

Average  andlyse^  of  eastern  IHtuminoM  coah. 


Molitan, 


VoUtOe     Fixed 
matter,    earbon. 


Fnel 
ntlo. 


Poeahontaii,    semibftuminoos    (aver- 
age ol  88)« 

New  River   (Qainnimont),   nmlbltii- 

minous  (average  ol  17)* 

Pittsburg  coking  (average  of  aO)« 

Lower  Elkhorn  (average  of  fSt)* 

Upper  EUchom  (average  of  10)*— 

OUnch  Valley  gas  coal« 

Westmoreland  gas  coal* 

Pennsylvania  gas  coal* » 


0.78 

.60 
1.1M 
1.426 
1.588 
1.180 
1.427 
1.280 


17.48 

19.98 

29.812 

82.106 

84.986 

S7.8» 

87.621 

88.106 


77.71 

75.20 
60.120 
56.486 
58.807 
56.782 
64.981 
64.888 


4.27 

7.919 

7.460 

4.«0 

6.002 

6.418 

6.440 


O.08 
\«7 

.687 

.no 

.718 
.TBI 


8.778 
2.027 
1.829 
1.008 
1.617 
1.481 
1.487 


•  White,  I.  C,  Geol.  Survey  Weat  Virginia,  vol.  2,  pp.  095,  e96,  700. 
» Ibid,  p.  670.  •  »  ff         .         . 
•H.  C.  Frick  Coke  Company. 

*  Manufacturers'  Record,  vol.  46,  No.  28,  supplement.     1904. 

«  McCreath  and  d'Invlllieni,  Mineral  Resources  of  Upper  Cumberland  Valley,  p.  14S,  ISSS. 

COKB. 

How  many  of  the  coals  in  this  region  are  good  coking  coals  has 
not  been  determined,  but  it  has  been  shown  by  tests  that  the  Upper 
Elkhorn  bed  at  the  head  of  Elkhorn  Creek,  where  it  has  a  thidmess 
of  over  8  feet,  makes  a  high  grade  of  coke.  The  Northern  Coal  and 
Coke  Company  built  beehive  ovens  near  the  head  of  Elkhorn  Cteek, 
coked  coal  taken  from  banks  opened  on  the  Upper  Elkhorn  bed  in 
the  neighborhood,  and  exhibited  the  product  at  the  Louisiana  Pur- 
chase Exposition.  The  following  information  on  this  subject  is  from 
the  aiticle  cited  above  in  a  supplement  of  Manufacturers  Becord: 

Representative  samples  of  coke  made  from  coal  from  the  Elkhorn  seams  show 
the  following  comfKisition,  with  which  are  given,  for  purposes  of  comparison, 
the  compositions  of  cokes  from  other  well-known  regions: 

Analyses  of  cokes  from  Elkhoni  and  other  weU-knoum  coals. 


District. 


Water. 


Upi)€r  Elkhorn,  Ky 

Do __ 

Do 

Lower  Elkhorn,  Ky_-_ 

PocahontUH,  W.  Va 

Pocahontas,  Va _. 

OonnellsvIUe,  Pa 

Do _. 

Do _... 


o.r>80 

.800 
.142 
.210 
.350 
.348 
.790 


Volatile      Fixed 
matter,     carbon 


1.44.')  I 

.914 

1.033 

.710 

1.008 

.900  I 
1.310  I 
1.700  I 
1.200  I 


90.461 
88.679 
92.744 
90.210 
93.059 
92.840 
86.880 
91.000 
87.900 


Sulphur. 

ABh, 

0.474 

7.060 

.506 

9.815 

.451 

5.680 

.692 

8.870 

.611 

4.072 

.605 

5.807 

.006 

11.640 

.470 

7.800 

.660 

10.000 

Pliot- 
plionis. 

0.0D4 
.007 
.008 


.016 
.018 
.015 


Physical  tests  of  Elkhorn  cokes  represented  by  the  second  and  third  samples 
in  the  prece<ling  table  were  made  by  Mr.  John  Fulton,  Johnstown,  Pa^  the 
well-known  coke  si)eciali8t,  from  whose  rei)ort  the  following  extract  is  tak^i: 

The  hardness,  of  the  Kentucky  coke  is  so  nearly  equal  to  that  of  Connellsrille  that 
no  serious  practical  difference  should  be  mentioned.  Both  of  these  cokes  (samples  2 
and  .'{)  will  sustain  the  highest  blast-furnace  charges  in  use  to-day,  and  in  ehemleal 
purity  exceed  the  average  of  the  standard  Connellsvllle  coke.  •  ♦  •  Under  ttttm 
conditions  of  the  physical  and  chemical  properties,  especially  with  very  low  ▼olumea  of 
sulphur  and  phosphorus,  they  are  admirably  adapted  for  use  in  blast  furnacee  prodadnf 
Bessemer  pig  iron. 


COKE. 


75 


The  following  analyses  and  tests  made  for  the  Northern  Coal  and 
Coke  Company  at  several  different  laboratories  and  plants  were 
kindly  furnished  by  John  C.  C.  Mayo,  an  officer  of  the  company. 

Analyses  of  five  samples  of  48-hour  coke  and  four  samples  of 
72-hour  coke  made  in  beehive  ovens  of  the  Northern  Coal  and  Coke 
Company  on  Elkhorn  Creek  with  coal  taken  from  the  Ben  Potter 
and  William  Mullins  and  banks  average  as  follows: 

Analyses  of  Elkhorn  coke. 
I  A.  S.  McCreath,  analyst.] 


Constituents. 


Moisture 

Volatile  matter- 
Fixed  carbon 

Ash 

Sulphur 


48-hour. 

72-hour. 

0.187 

0.151 

1.205 

1.147 

90.140 

91 .072 

7.891 

7.082 

.517 

.546 

Phosphorus  to  the  amount  of  0.003  per  cent  was  found  in  two  of  the 
samples. 

A  sample  of  48-hour  coke  from  the  coal  at  Ben  Potter's  gave  the 
following  results  in  a  physical  test  by  John  Fulton,  of  Johnstown, 

Pa.: 

Physical  test  of  Elkhorn  coke. 

Percentage  by  volume  of  coke 50.84 

Percentage  by  volume  of  cells 40.20 

Compressive  strength  of  cubic  inch,  one  fourth  ultimate  strengtli_iK)un(ls.  _       271) 

Height  of  furnace  charge  witliout  crushing feet.-       Ill 

Order  in  cellular  space 1.25 

Hardness 2.05 

Specific  gravity 1.  75 

A  test  of  the  coking  qualities  of  the  Upper  Elkhorn  coal,  made 
by  the  United  Coke  and  Gas  Company,  of  Camden,  N.  J.,  from  a 
200-pound  sample  taken  from  30  sacks,  gave  a  coke  of  good  furnace 
and  foundry  quality.  The  coal  was  crushed  to  pieces  one- fourth  to 
one-eighth  inch  in  size,  thoroughly  mixed,  and  carbonized  in  an 
iron  box.  Analyses  of  dry  coal  and  coke  are  shown  in  the  following 
table.  An  analysis  of  by-product  coke  made  by  the  Illinois  Steel 
Company  is  given  in  the  last  column  for  the  purpose  of  comparison. 


Analyses  of  Upper  Elkhorn  dry 

eonl  (\ 

in  (I  coke. 

Coustituents. 

1 
Coal.     1   Ooke.« 

By-projluct 
coke. 

Volatile  matter... 

38.72            1.20 

50.71           03.01 

3.94            r..32 

.02               .47 

1.02 

Pixed  carbon _                     _ - 

9;").r>5 

Ash — - 

3.43 

Sulphur... 

99.99      1  100.00 

100.00 

Sulphur 

•  ■ 

.46 

Phoaphonu.    

.0034           .0047 

1 

.004 

•  Yield  ol  coke  on  box  t€6t,  71  per  cent. 
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Another  test  for  the  Northern  Coal  and  Coke  Company  was  made 
by  the  Pittsburg  Testing  Laboratory  (Limited),  with  the  result 
shown  in  column  3  of  the  next  table.  The  Semet-Solvay  Company, 
of  Syracuse,  N.  Y.,  report  as  follows  on  a  trial  of  the  Upper  Elkhom 
coal,  the  analyses  of  coal  and  coke  being  given  in  columns  1  and  2 
of  the  table. 

A  sample  of  Upper  Elkhom  coal  from  the  "William  Mullins  open- 
ing was  coked  by  the  Hamilton  Otto  Coke  Company  at  Duluth  and 
gave  the  results  shown  in  column  4  of  the  table. 

Analyses  of  Upper  Elkhom  coal  and  coke. 


OonstitiientB. 

1. 
Coal. 

2. 
Ooke. 

6&.« 

4. 

Oiakft.* 

Moisture. 

1.12 
87.86 
£6.70 

6.28 

0.26 

1.68 

80.87 

8.88 

0.17 

o.oa 

90.84 
8.08 

Volatile  matter 

Fixed  carbon -. 

1.92 
M.8D 
8.« 

100.00 

100.00 

100.00 

108.08 

Sulphur !— 

Phosphorus— 

.66 

.0056 

.64 
.0318 

.48 
.008 

«  J.  O.  Flandy,  analyst 


»  W.  II.  Wright,  analyst     Sample  dried  at  106*  C. 


Total  wet  coal,  35,835  pounds;  moisture,  2.42  per  c^it;  total  dry 
coal,  34,480  pounds;  toal  wet  coke,  23,446  pounds;  moisture,  1^  per 
cent;  total  dry  coke,  23,141  pounds;  yield  dry  coke,  67.11  per  cent; 
total  wet  breeze,  1,206  pounds;  moisture  in  breeze,  12  per  cent;  total 
dry  breeze,  1,061  pounds;  yield  breeze,  3.07  per  cent;  total  yield,  70.18 
per  cent. 

By-products  per  2,000  pounds  of  dry  coal:  Ammonium  sulphate, 
27.607  pounds;  tar,  106.3  poimds;  total  gas,  10,000  cubic  feet. 

These  tests,  made  by  men  thoroughly  experienced  in  that  work, 
show  that  the  Upper  Elkhom  coal  in  this  part  of  the  field  produces 
a  coke  which  is  the  equal  of  the  standard  cokes  made  in  this  country, 
and  is  superior  to  Connellsville  coke  in  its  very  low  percentage  of 
the  two  impurities,  sulphur  aiul  phosphorus.  It  is  the  belief  of  some 
who  have  experimented  with  it  that  the  strength  of  coke  made  from 
p]lkliorn  coal  is  increased  by  the  addition  of  a  small  amount  of 
laminated  coal  in  the  charge. 

TONNAGE. 

Any  estimate  of  the  amount  of  coal  in  this  field  must  necessarily 
be  only  approximate.  It  is  not  absolutely  known  how  far  the  beds 
extend  beneath  the  surface  or  whether  the  average  thicknesses  shown 
in  prospects  and  mines  are  maintained  for  any  great  distance  back 
from  the  outcrops.  It  may  be  assumed  that  a  bed  2  feet  thick  is 
workable,  because  beds  carrying  less  than  2  feet  of  bituminous  ooal 
are  being  mined  in  the  United  States  to-day. 


TONNAGE. 
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The  following  estimate  of  the  coal  now  in  the  ground  does  not 
include  the  3-  or  4-foot  bed  said  to  be  above  the  Upper  Elkhorn  coal 
or  the  4-foot  bed  500  feet  above  the  Flatwoods  coal,  both  of  which 
underlie  only  small  areas  because  they  are  so  close  to  the  ridge  tops. 

The  tonnage  of  the  Elswick  and  Bingham  coals  is  estimated  on  an 
area  only  one- fourth  that  of  the  field^  because  so  little  is  known  of  the 
character  of  these  beds.  The  Auxier  and  Millard  beds  are  better 
known  and  are  assumed  to  be  of  workable  thickness  under  at  least 
50  square  miles  of  the  130  which  constitute  the  field.  The  acreage  of 
the  Elk^m  and  Flatwoods  coals  was  obtained  by  planimeter  from 
the  acc^npanying  map  (PL  I),  the  divide  at  the  head  of  Russell 
Fork  diwnage  being  taken  as  the  boundary  of  the  field. 

■'•       Efttimatcd  yroHH  tonnagv  in  the  Elkhorn  coal  field. 


Bed  and  locality. 


Area. 


Elswick.. 
Auxier— 
MiUard. 


Binffbam _ 

Lower  Elkhorn: 

East  of  Russell  Fork. _ 

Russell  Fork  to  Shelby  Gap _ 

Shelby  Gap  to  head  of  Elkhorn  Croek.. 
Upper  Elkhorn: 

East  of  Russell  Fork 

Russell  Pork  to  Shelby  Gap ._ 

Shelby  Gap  to  head  of  Elkhorn  Creek.. 
Flatwoods 


Acres. 
19,200 
:?2,000 
32,000 
19,200 

12,140 
33,82.5 
9,150 

4,000 

20,720 

6,42r) 

2,300 


Total - - - ' _    1,146,728,000 


Thickness.      Amount. 


Feet. 


Short  touM. 
86,400,000 
144,000,000 
115,200,000 
103,680,000 

109,200,000 

243,540,000 

49,410.000 

43,200,000 
130.536,000 
92,520,000 
28,980.000 


This  estimate  is  on  the  basis  of  a  specific  gravity  of  1.3,  or  1,800 
tons  per  acre  for  every  foot  of  coal. 

These  figures  are  so  inconceivable  that  the  idea  of  the  amount  of 
coal  estimated  to  be  in  this  field  can  be  grasped  only  when  expressed 
in  other  terms  than  millions  of  tons.  The  total  amount  of  coal  in 
the  Elkhorn  field  is  nearly  three  times  as  much  as  all  the  coal  mined 
in  the  United  States  in  1905,  it  is  nearly  ten  times  the  amount  of 
bituminous  coal  mined  in  Pennsylvania  in  1900,  and  is  equivalent  to 
all  the  bituminous  coal  mined  in  Pennsylvania  previous  to  1902.  It 
would  make  a  solid  bed  of  coal  8  feet  thick  over  the  area  represented 
by  the  accompanying  map  or  1  foot  thi(*k  over  1.000  square  miles. 
The  92,500,000  tons  of  coal  in  the  Upper  Elkhorn  bed  between  Shelby 
Gap  and  the  head  of  Elkhorn  Creek  lacks  only  1,000,000  tons  of 
being  equal  to  all  the  coal  mined  in  Kentucky  between  1828  and 
1905;  if  loaded  in  40- foot  coal  cars  carrying  40  tons  each,  it  would 
make  a  train  17,522  miles  long.  The  total  amount  of  coal  in  this 
field,  over  1,000,000,000  tons,  if  loaded  in  the  same  way,  would  make 
a  train  217,183  miles  long,  or  eight  trains  extending  around  the  world 
with  enough  left  over  to  make  more  than  five  solid  trains  reaching 
from  New  York  to  San  Francisco. 
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With  improved  mining  methods  and  utilization  of  the  slack  80  or 
even  90  per  cent  of  this  coal  may  be  marketed.  Assuming,  however, 
that  30  per  cent — the  average  of  present  practice — ^\vill  be  wasted  in 
mining,  there  remains  a  possible  output  of  800,000,000  tons. 

MINERAL  RESOURCES  OTHER  THAN  COAL. 

Sandstone. — In  the  coal-bearing  rocks  there  is  usually  an  abun- 
dance of  stone  at  one  horizon  or  another  suitable  at  least  for  rough 
construction  work.  In  this  field  medium  to  coarse  grained  sandstone 
of  fair  quality  is  to  be  found  at  many  places  conveniently  located 
for  quarrying.  A  sandstone  that  outcrops  at  the  mouth  of  Marrow- 
bone Creek  and  a  little  above  the  water  on  Jesse  Creek  was  quarried 
at  these  two  places  by  the  Chesapeake  and  Ohio  Railway,  and  the 
blocks  were  used  in  bridge  and  culvert  construction.  The  sandstone 
is  rather  massive,  blue-gray  when  fresh,  and  weathers  to  brown.  Its 
texture  varies  from  medium  to  fine.  Some  of  the  bedding  is  marked 
by  black  lines  of  carbonaceous  matter,  and  bed  surfaces  often  are 
black  with  carbonized  vegetable  fragments,  including  even  lamellae 
of  coal.  Mica  is  abundant  in  the  rock,  and  brown  stains  extend  along 
lines  of  fracture. 

Shale. — ^Ijittle  attention  has  been  given  to  the  clays  and  shales  in 
this  part  of  the  Stat«.  So  far  as  known,  there  are  no  hea\7^  l)eds  of 
fire  clay  in  this  field,  and  most  of  the  shales  are  sandy  or  slightly 
bituminous  and  not  well  adapted  for  brickmaking.  Fine-textured, 
moderately  fusible,  and  fairly  plastic  clay  shale  is  recjuired  for  such 
i)urposes. 

Lbnestonc. — The  Newman  limestone  outcrops  in  great  abundance 
en  the  north  side  of  Pine  Mountain.  Its  outward  appearance  sug- 
gests that  it  is  a  pure,  high-grade  limestone  which,  in  conjunction 
with  suitable  shale,  might  be  a  source  of  raw  material  for  the  manu- 
facture of  Portland  cement.     No  analyses  of  this  stone  are  at  hand. 
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IXTKOIircniON. 

PitvpoMr  of  thin  Import. — Evpjj  at  th'-  j*rf"^'rjl  Any  tjj*'/*'  ar*'  ''nu\*U't 
able  areas  in  the  Ajijialaf-hiau  *-<m\  P'tri'^ii  '•oTj'<-niJi.{/  v. h;/},  //,  /;.•.«• 
lias  very  definitf  iuffiniiatiou.  Th'-y  }j;ivi-  i'-rn\M'*\  ''Xinn^j  ^4*  01. 
l)ecanse  of  their  iuafr-^-i-iMlity.  tjjt-ir  ],t'H:.]v  i'^n-Uii  ^w.'-  *  v  '/j 
their  reinotene>>  froijj  liij*--  '.f  Tr%iT.-;#'/f't;jt;r,f..  A  ";'.•.->'>?*'/•  'yf 
these  eoiiditiori*^  ha-  n-tar']*"]  TJj*-  ;.?o-;i«-'t..'.;f  -ai.'.  '•«  <  .'.:/••.«■•  •  'y*  *  ,- 
fiehl  of  bituuiiiiou^  '-^ja:  i^^tk  >•■<'■?•.'#'-'..  ■•■  :.  v.  _i-  .:  -//♦•..  ■';''•• 
Virginia. 

The  exteiiMon  f»f  t':>*-  <  'r.'^-fcjff-sjr:*  >:•  .  ^ r   '*  ]'.-.     .  >: .      ;'  i/  ;'  "' 

River  into  Pik*-  Oi;;T.!y.  K;. ..     t*'v    >••»•  ', .•     -r,      ,- 

made  acttK.siMe-  aii!   •;!*-    •..:•*'-'•.>•*'     •',-•.     -  •,•    *  *   ,.    .,     r*,, 
from  r>ante.  Va..  tLr'*.:::.  J/    r:--.-"-    ''   *  •  •     -  -    «     -    .'•    •'  -  ■ 
informal ioij  slj'»T;ii  V   rrf.  •,-     >.    ■     •  ..  <  ."» •  •  .  ■.         ,•,"••     ' 
coal  field  in  that  -*•"*.  •:.      T'        ■  *  '"'■  '  *    '■     •    •         '      -     -   » -    '' 
to  j)eo]jle  wL'i  ]:v*-  :■    •:,*   ri*-      y        •   •,        -.^  '*•         /•» 

n-siili'nl'r  »if  th»- 'i.-rr.  -    .r    -     ^-  .^^    /     .       * 

or  i»f  il.-r  val'j*-.  ail  .i  -i--.  -  '  •-  /     •'       '"        '  .  / 

wh»*n  ilj*-y  ^ii-;^^-*^    '     ..  •      -       ,-  .'  .       .        ,    •   -    /        .     . 

fcNit  '•'lal  Ji>":   '*j*-.  .-  •  .  •  •  •  •    -  ■'  '  '  .      . 

acc'iiiiiiilat»-i  ••;'•:--    ^  -  -  ,  .  . 

^^M  til*- 'l»-*!ra'»    .*''•--  ,  '  '    •  /  •    '- 

jiri'f  fiir  til*-  r  .i-.:.    ■  -..  ■        .'    ••         /' 

iIm*  arr»-  f'»r  h  i;i*-r-  •  /  • 

of  til*-   r::riiT     :.-;»■  — 

and  'l^-v*-!'!;*!:!**:  •     *"      •  ... 

in  ^i villi:  rii*-  .•  f  .-  ., 
thi'-kii*—  "f  Vi-    '.J:     "<■ 
Willi   T'.i-    :i\r»''- 

in  th»-  -!;n.ni*-r  '•*'     •  •* 

frtirt  of  tr,*.  f,*,,  ^  : 

inffly   --ap-*-. 
nonb»-ni   jj»r     i'     ' 
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With  impr<)ved  luining  methods  iin<l  utiliKation  of  the  ^lack  SO  or 
even  dO  ptM'  cent  of  tlii^  coal  may  he  niarketetL  Assiiining,  however. 
that  ;^0  per  eetit— the  average  of  preisent  pnietice — will  be  wasted  in 
mining,  there  remains  a  possible  output  of  80O.(MX^0O0  tona 


MINERAL  RESOURCES  OTHER  THAN  COAL, 

Smithtont'. — 111  the  coal-bearing  rocks  there  is  usually  an  abim 
dantH.^  of  stone  at  one  horizon  or  another  snital>le  \it  lenHt  for  r<m^li 
const  r  act  ion  work  In  this  fiekl  medium  to  eoarne  graint^d  j^nndstone 
of  fair  quahty  is  to  \m  found  at  miiny  places  conveniently  located 
for  quarrying.  A  sandntout*  that  outcrops  at  the  mouth  of  Marrow- 
tone  Creek  and  a  Httle  alxjve  the  wuter  on  Jesse  Creek  was  quarri(%d 
at  these  two  places  by  the  Chesaj>eake  and  Ohio  Railway,  and  the 
blocks  were  ut^ed  in  bridge  and  culvert  construction,  Tlie  sand  stone 
is  ratlier  massive,  bhie-gray  when  fresh,  and  weathei^s  to  brown,  Uh 
lexture  varies  from  medium  to  fine<  Some  of  the  bi^<lding  is  marked 
by  black  lines  of  ciu'bonaceouis  matter,  and  bed  stirfacci?*  often  are 
black  with  carlxmized  vegetable  fragcnents,  incliidinfj  even  huiiella> 
of  coal.  Mica  is  abundant  in  the  rock,  and  brown  stains  extend  along 
lines  of  fracture. 

*Shah\ — Little  attention  has  been  given  to  the  clays  and  shales  in 
thtt^  part  of  the  State.  4S0  far  aa  known,  thei-e  iht  no  heavy  IkhIs  of 
fire  clay  in  this  field,  and  most  of  the  shales  are  miudy  or  slightly 
bituminous  and  not  w^ell  adapted  for  brickmaking.  Finc-textuitHl, 
moderately  fusible j  and  fairly  plasrtic  clay  shale  is  rex^piired  for  sncli 
purposes. 

Litiieston^^ — The  Newman  limestone  outcrops  in  gix^at  abundance 
en  the  north  side  of  Pine  Mountain*  Its  outwarrl  appearance  mig- 
gcsts  that  it  is  a  pure,  high-gi^ade  limestone  which,  in  conjunction 
with  suitable  shale,  might  \w  a  source  ni  niw  material  for  the  manu- 
facture of  Portland  cement.    No  analyses  of  this  stone  are  at  hand. 
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IKTRODITCTIOI^. 

Purpose  of  this  report, — Even  at  the  present  day  there  are  consider- 
able areas  in  the  Appalachian  coal  region  concerning  which  no  one 
has  very  definite  information.  They  have  escaped  examination 
because  of  their  inaccessibility,  their  heavily  forested  condition,  or 
their  remoteness  from  lines  of  transportation.  A  combination  of 
these  conditions  has  retarded  the  prospecting  and  development  of  the 
field  of  bituminous  coal  here  described,  which  lies  in  southwestern 
Virginia. 

The  extension  of  the  Chesapeake  and  Ohio  Railway  up  Big  Sandy 
River  into  Pike  County,  Ky.,  drew  attention  to  the  coal  field  thus 
made  accessible,  and  the  contemplated  construction  of  a  railroad 
from  Dante,  Va.,  through  Dickenson  County  made  it  desirable  that 
information  should  be  obtained  as  to  the  extent  and  character  of  the 
coal  field  in  that  section.  This  information  w^ould  be  valuable  both 
to  people  who  live  in  the  field  and  to  outside  investors.  Most  of  the 
residents  of  the  district  have  very  little  idea  of  the  extent  of  the  coal 
or  of  its  value,  and  hence  are  wholly  ignorant  of  what  they  are  selling 
when  they  dispose  of  their  coal  rights.  They  do  not  realize  that  a  4- 
foot  coal  bed  yields  6,000  tons  per  acre.  To  them  the  information 
accumulated  by  this  survey  and  imparted  in  this  report  should  sug- 
gest the  desirability  of  reserving  their  coal  rights  or  of  getting  a  fair 
price  for  their  lands  rather  than,  as  formerly,  selling  coal  rights  by 
the  acre  for  a  merely  nominal  sum,  in  no  way  representing  the  value 
of  the  right  disposed  of.  To  outsiders  interested  in  the  discovery 
and  development  of  coal  resources  this  report  should  be  of  some  value 
in  giving  the  information  at  present  available  as  to  the  character  and 
thickness  of  the  coal  seams  and  their  ])robable  extent. 

With  this  purpose  in  view  the  task  of  making  a  reconnaissance 
examination  of  the  coal  resources  of  Russell  Fork  of  Big  Sandy  River 
in  the  summer  of  1900  was  assigned  to  the  writer.  The  rej^ort  on  the 
part  of  the  field  lying  in  Kentucky  forms  the  first  part  of  this  bulletin. 
The  second  part — this  report — discusses  the  Virginia  portion  of  the 
Russell  Fork  field. 

Literature. — Published  information  relative  to  this  field  is  exceed- 
ingly scarce.  C.  Newton  Brown  made  a  hasty  tour  through  the 
northern  part  of  Dickenson  County  and  the  western  part  of  Bu- 
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chanan  County  m  IHf^T  luul  says,  in  lii^  n^port  on  the  mincrftl  resourK^ 
of  Big  Sandy  Valley,"  that  iis  a  ruk^  the  people  have  given  no  thought 
to  the  matter  and  know  very  little  as  to  the  thickne.ss,  nunilier,  and 
extent  of  the  coal  Ijetly,  He  slates  that  the  beds  ran^e  hi  thickness 
from  3  to  iy  feet  and  .some  of  theui  are  Hue  bituminous  coaL  He 
reports  no  facts  other  than  these,  but  predicts  that  large  areas  of 
workable  coal  will  bo  f(nin{l  here. 

M.  B.  CainplH'll  bus  described  the  geology  of  regions  not  far  to  the 
east  and  south  in  the  Tassewell  and  BrifJtol  folios  of  the  Geologic 
Atlas  of  the  United  States  and  in  Uidletin  No.  Ill  of  the  United 
States  (feologi(*al  Survey,  oa  the  ge^ilogy  of  the  Big  Stone  Gap  coal 
field.  Brief  reports  on  the  coal  in  scattered  corners  of  this  field  have 
been  written  by  various  njeUj  but  they  have  not  Ix^en  published. 

Field  worA\ — ^Tlus  report  in  based  on  six  Aveeks'  field  woi'k  in  the 
fall  of  lOOri,  The  writer  entered  the  region  fn>ni  Pound  Gap  on  Sep- 
tember 10  and  made  a  cij'cuit  through  C'lintwood^  aeross  Cranes  Nest 
River,  and  up  McClure  Creek  to  Flint  Gap,  theuee  along  Sandy 
Ridge  ti>  Carrie  post-offiee  and  down  P'ryingpan  Ci^eek  and  Russell 
■  Fork  to  June  post-office  and  the  Breaks  oi  Sandy,  The  gi-eater  part 
of  the  tiehl  was  reached  by  side  trip:^  from  camps  along  this  route. 

The  work  took  the  form  of  a  rapid  reconnaissance  with  the  purpose 
of  covering  the  whole  fiehl  <lesuribed  and  learning  as  much  tis  pojjsi- 
ble  about  the  numlK^r  and  character  of  the  coal  beds  and  snmething 
of  their  (M^cunvnce,  distribution,  and  extent.  Time  did  n(*t  permit 
the  working  mit  the  details  oi  the  structure  or  of  the  stratigraphy- 
The  basis  of  the  map  (PL  V,  in  pocket)  accompanying  this  report  is  a 
drainage  map  made  for  the  Clinchfield  Coal  Corporation  by  Henry 
Keel,  of  Clintwood,  Va.  To  it  the  writer  has  added  the  main  roads 
and  trails,  so  far  as  he  knows  them.  They  are  admittedly  incom- 
plete. Some  of  the  roads  shown  are  hardly  passable  for  wagons.  On 
this  map  also  is  shown  the  location  of  over  one  hundred  coal  open- 
ings. Most  of  them  were  visited  and  their  locations  on  the  map  are 
accurately  show^n,  but  a  few  openings  were  not  seen,  and  their  loca- 
tion is  based  on  descriptions  by  others.  The  openings  whose  loca- 
tions are  only  approximate  are  numbered  5,  13,  14,  45,  46,  49,  58,  59, 
61,  76,  77,  85,  86,  87,  88,  89,  90. 

The  field  work  consisted  largely  in  running  road  traverses  and  plot- 
ting the  geology  on  road  sections.  Coal  banks  and  prospects  were 
visited  and  measured  wherever  they  could  be  found.  All  elevations 
were  obtained  by  aneroid  with  no  bench  mark  to  check  the  readings. 
Coal  outcrops  are  not  shown  on  the  accompanying  map  for  the  reason 
that  it  was  not  possible  in  the  time  allotted  to  this  work  to  trace  and 
map  any  particular  bed  or  beds.    Such  correlations  as  were  made  are 
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stated  in  the  following  pages  instead  of  being  drawn  imperfec»tly  on 
the  map. 

Acknowledg^fnents, — The  work  was  done  under  the  direction  of  G. 
H.  Ashley,  who  spent  two  days  in  the  field  and  to  whom  the  writer  is 
indebted  for  helpful  suggestions  in  the  preparation  of  the  report. 
To  the  Clinphfield  Coal  Corporation,  and  particularly  to  W.  D. 
Tyler,  land  agent,  and  H.  B.  Wright,  engineer  in  charge,  of  the 
same  corporation,  acknowledgment  is  made  for  assistance  in  the  way 
of  maps  and  information,  and  also  for  personal  courtesies.  Mr. 
Hardaway,  manager  of  the  Cranes  Nest  mine  at  (leorgel,  Va.,  added 
greatly  to  the  completeness  of  the  rei>ort  by  furnishing  many  sections 
measured  by  himself  at  points  where  the  coal  can  not  now  be  seen. 
James  W.  Fox,  of  New  York,  and  John  C.  C.  Mayo,  of  Paintsville, 
Ky.,  furnished  private  reports  by  H.  W.  Rietz,  Jansen  Haines,  and 
others,  which  contain  notes  on  parts  of  the  area,  and  for  which 
acknowledgment  is  made.  The  South  and  Western  Railway  kindly 
supplied  topographic  maps  of  routes  surveyed  across  Dickenson 
County.  D.  E.  Llewellyn,  of  Wise,  Va.,  has  provided  the  writer  with 
maps  and  other  data.  C.  W.  Dodge,  jr.,  assisted  in  the  geologic  work 
during  the  first  two  weeks.  An  attack  of  typhoid  fever  prevented  his 
finishing  the  season,  but  he  spent  part  of  the  following  winter  in  the 
office  preparing  the  illustrations  for  this  report.  To  each  of  these 
gentlemen  the  writer  acknowledges  his  indebtedness,  and  to  the  in- 
habitants of  the  district  he  extends  his  thanks  for  courtesies  and 
assistance  rendered  in  various  ways. 

GKOCiUAPlIV. 

Location. — ^The  area  discussed  in  this  report  is  that  part  of  the 
drainage  basin  of  Russell  Fork  of  Big  Sandy  River  which  lies  in 
Virginia.  It  includes  Dickenson  County  and  adjoining  portions  of 
Buchanan  and  Wise  counties.  The  area  extends  from  the  head  of 
Russell  Prator  Creek,  near  Grundy,  to  the  head  of  Pound  River,  at 
Black  Mountain,  and  is  bounded  on  the  other  two  sides  by  Pine 
Mountain  and  Sandy  Ridge.  It  contains  about  550  square  miles  of 
heavily  wooded,  thinly  populated,  mountainous  country. 

Surface  relief. — Sandy  Ridge,  the  southeastern  boundary,  has  a 
general  elevation  of  3,000  f(H»t.  Pine  Mountain,  called  locally 
"  Cumberland  Mountain,"*  having  an  equal  ehwation  and  separating 
Virginia  and  Kentucky,  forms  the  northern  and  western  boundary. 
Black  Mountain,  at  the  head  of  Pound  River,  attains  an  altitude  of 
3,800  feet  and  is  the  highest  point  in  the  field.  The  divide  Ix^tween 
Russell  Fork  and  I^evisa  Fork  is  from  2,000  to  '2,500  feet  above  sea. 
The  general  elevation  of  the  main  streams  is  1,500  feet,  and  the  lowest 
40858— Bun.  348—08 C 
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point  is  where  Russell  Fork  passes  through  the  Breaks  at  the  north- 
eastern end  of  I^ine  Mountain.  The  elevation  on  the  State  line  at 
the  mouth  of  Grassy  Creek  is  approximately  900  feet. 

For  the  most  part  the  country  is  made  up  of  steep-sided,  narrow- 
topped  ridges,  and  may  be  classed  as  mountainous.  The  ridges  be- 
tween Fryingpan,  Lick,  and  McClure  creeks  are  examples,  and  Big 
Ridge,  as  it  is  called,  between  McClure  Creek  and  Cranes  Nesl  River, 
is  a  strong  feature  of  the  topography.  It  is  15  miles  long,  and  rises 
from  500  to  800  feet  above  the  creeks,  which  are  from  1  to  4  miles 
apart.  The  crest  of  the  ridge  is  from  2,100  to  2,500  feet  above  sea 
level  and  varies  scarcely  a  quarter  of  a  mile  from  a  straight  line 
throughout  its  length. 

There  are  no  level  areas  of  great  extent  in  this  section  of  the  State, 
the  largest  being  some  of  the  flat  tops  of  the  ridges,  which  are  com- 
paratively level  for  a  mile  or  more,  but  not  over  a  few  hundred  yards 
wide.  The  valley  bottoms  are  narrow,  often  affording  little  more 
than  room  for  a  road  along  the  side  of  the  stream. 

Drainage, — As  the  area  here  described  is  the  basin  of  Russell  Fork 
all  the  drainage  passes  into  Kentucky  through  the  Breaks  ^f  Sandy 
at  the  north  end  of  Pine  Mountain.  The  principal  streams  tributary 
to  Russell  P^ork  are  Pound  River,  McClure  Creek,  and  Fryingpan 
Creek.  Pound  River,  the  largest,  rises  at  Black  Mountain  on  State- 
line  Spur  and  flows  northeast  parallel  with  Pine  Mountain  for  25 
miles.  Cranes  Nest  River,  a  fork  of  Pound  River,  is  of  about  the  same 
size  as  McClure  Creek,  each  having  a  basin  about  20  miles  long.  The 
winding  courses  of  the  streams'make  their  total  lengths  much  gi-eater 
than  the  length  of  the  l)asins.  In  this  report  the  "'  right  "  and  ''  left '' 
sides  of  a  stream  are  relative  to  the  i)osition  of  a  person  facing 
iip.stn'am^  thus  conforming  to  the  usage  of  this  region. 

Forests. — Much  of  this  country  is  still  covered  with  a  fair  growth 
of  ty[)ical  southern  Appahichian  hardwood  forest.  Cleared  tracts 
are  not  at  all  extensive.  Chestnut,  yellow  j)()plar,  white  and  red  oak, 
nia[)le,  beech,  ash,  hickory,  and  sycamore  are  connnon.  Papaw, 
buckeye,  cucumber  tree,  and  bhick  walnut  are  less  common  but  not 
rare.  Black  walnut  trees  of  any  considerable  size  are  scarce  and  bring 
a  high  ])ri(v,  though  not  many  years  ago  they  were  cut  up  for  fiiv- 
wood  and  fence  rails. 

Lunibei'ing  is  fast  stripj)ing  some  of  the  best  stands  of  timl^er. 
and  at  the  j)resent  rale  of  increase  in  the  industry  the  day  is  not  far 
distant  when  many  hillsides,  woi'thless  for  any  other  purpose,  will 
he  cleared  and  left  hare  of  timber  or  soil.  Logs  to  the  number  of 
I^O.OOO  or  10,000  were  janun(»d  in  the  Hreaks  for  four  years  and  may 
have  rctai'ded  the  lunilxM*  business  in  that  section  temporarily,  but  the 
jam  broke  in  January,  IDOT.  On  Pound  River  near  the  mouth  of 
North  and  JSouth  forks  a  steam  tramroad  has  been  built,  portable 
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sawmills  have  been  introduced  and  logs  are  coming  out  at  a  rapid 
rate.     The  hmiber  is  hauled  by  the  tram  to  the  railroad  at  Norton. 

The  timber  in  this  country  is  suflScient  to  attract  considerable  at- 
tention and  should  be  the  basis  of  a  thriving  industry,  but  with  the 
present  )yasteful  and  unscientific  metho<ls  of  lumbering  a  once  valu- 
able asset  will  soon  be  exhausted  and  the  region  will  he  left  in  a 
condition  unfavorable  for  the  further  production  of  forest  growth. 
Ah  the  area  lies  near  the  heads  of  the  river  the  resulting  increased 
flood  danger  will  not  be  so  great  here  as  it  will  be  in  Kentucky. 

The  timber  resources  of  the  section  described  are  sufficient  in 
(piantity  and  quality  to  support  any  coal-mining  industry  that  nuiy 
be  developed  here. 

Settl€7tienL — Dickenson  County  has  an  area  of  824:  square  miles 
and  a  population  of  7,747.  The  area  of  the  Russell  Fork  basin  in 
Virginia  is  550  square  miles  and  the  population  probably  does  not 
exceed  10,000.  The  settlements  are  confined  to  the  valleys  and  are 
all  very  small,  only  one  having  a  population  of  more  than  100  ])eoj)le, 
and  that  is  the  county  seat,  Clintwood,  which  numbers  255.  There  is 
only  one  colored  resident'  in  Dickenson  County,  a  little  girl  living  at 
Ilaysi. 

Farming  and  lumbering  are  the  principal  occupations  of  the  ix50i)le. 
Corn  is  the  chief  crop  and  is  of  necessity  raised  in  small  patches  on 
steep  hillsides. 

Accessihility, — There  is  no  ready  access  to  this  country  except  by 
some  gap  in  the  surrounding  mountains.  Pine  Mountain,  State-line 
Spur,  and  Sandy  Ridge  form  a  continuous  l)arrier  on  three  sides,  with 
a  general  elevation  of  8,000  feet,  while  the  fourth  side,  the  divide 
between  Russell  and  Levisa  forks,  is  but  little  less  of  a  barrier. 

Wagon  roads  are  not  numerous.  One  of  the  j)rincij)al  roads  is  from 
Dumps  Creek  over  Sandy  Ridge,  down  Fryingpan  Cro(»k  to  Russell 
Fork,  down  that  stream  to  the  mouth  of  Russell  Prator,  and  then  over 
the  hills  to  Grassy  Creek  and  through  the  Hreaks  to  Elkhorn  City, 
Ky.  The  road  from  (irundy  comes  down  the  Russell  Prator,  crosses 
Russell  Fork  at  the  mouth  of  McClure,  crosses  the  hills  to  the  mouth 
of  Ci^anes  Nest,  and  follows  the  crest  of  the  ridge  to  Clintwood.  It 
goes  up  Georges  P'ork,  down  Hamilton  Creek  to  Pound  River,  and 
dividing  follows  up  both  forks  to  Flat  (ia]).  A  road  from  Pound 
leads  over  Pound  Gap  to  the  heacj  of  Elkhorn  Creek,  Ky.,  and  another 
goes  up  Indian  Creek  to  Glamorgan  and  AVise. 

Entering  the  region  from  Dante  the  road  crosses  either  Flint  (Jap 
or  Trammel  Gap,  goes  down  McClure  to  a  point  2  miles  below  the 
mouth  of  Caney  Creek,  crosses  to  Cranes  Nest  River,  and  then  up 
Ix)ng  Branch  to  Clintwood.  From  Clintwood  one  may  continue 
north  down  Brush  Creek,  cross  Pound  River,  and  climb  the  mountain 
to  Blowing  Rock  Gap,  which  leads  to  Ashcamp,  on  Elkhorn  Creek,  in 


84  COAL  RESOURCES   OF   THE   RUSSELL   FORK   BASIN. 

Kentucky.  Traveling  by  wagon  on  any  of  these  roads  is  slow.  The 
customary  method  of  traveling  in  this  country  is  on  horseback. 
Haul  roads  and  bridle  paths  are  numerous,  so  that  almost  any  point 
is  accessible  by  these. 

The  nearest  railroads  are  the  Clinch  Valley  division  of  the  Norfolk 
and  Western  Railway  on  the  south  and  the  Big  Sandy  branch  of  the 
Chesapeake  and  Ohio  Railway  at  Pjikhorn  City,  Ky.,  on  the  noilh. 
A  raih'oad  into  the  region  from  the  north  through  the  Breaks  could 
be  built  at  considerable  expense.  The  South  and  Western  Railroad 
has  a  route  surveyed  through  the  Breaks  to  the  mouth  of  Cranes  Nest 
River  with  a  maximum  compensated  grade  of  less  than  1  per  cent. 
This  route,  which  would  connect  the  railroad  at  Dante  with  the  Ches- 
apeake and  Ohio  at  Elkhorn  City,  extends  up  McClure  to  Trammel 
(Jap,  where  Sandy  Ridge  would  be  pierced  by  a  long  tunnel.  An- 
other feasible  route  would  be  up  Dumps  Creek,  under  Risers  Gap  by  a 
tunnel,  and  down  Fryingpan  Creek.  A  narrow-gage  steam  railroad 
extending  from  Norton  to  Pound  is  used  exclusively  for  lumbering. 

GKNERAJ^    GKOIiOGY. 

STRATIGRAPHY. 
GENER.\L  STATEMENT. 

Tlie  rocks  of  this  field  behmg  to  the  PottsvUle  group  of  the  Car- 
boniferous. Three  formations  are  represented  in  wliole  or  in  part. 
The  lowest  is  the  Lee  conglomerate.  This  is  overlain  by  the  Norton 
formation,  which  makes  the  surface  of  the  greater  i)ait  of  the  area. 
The  lower  members  of  the  AVise  formation  cap  some  of  the  higher 
portions  of  the  ridge  along  the  southern  and  eastern  boundary  of  the 
region.  The  Lee  conglomerate  is  about  1,000  feet  thick,  the  Norton 
approaches  1,100  feet,  and  '200  or  300  feet  of  the  AVise  formation  are 
l)resent,  making  a  total  stratigraj)hic  section  of  about  2,-iOO  feet. 
These  formations  are  described  in  detail. 

LEE  (•()N(;L()MEKATE. 

A  sandstone  and  conglomerate,  1,000  or  more  feet  thick,  which  is 
j)ronnnent  in  this  j)art  of  the  Appalachians,  is  known  as  the  I^ee  con- 
glomerate, named  from  Lee  County,  Va.,  where  it  is  conspicuous  in 
the  Ciimbeiland  escarpment.  This  is  comj)ose(l  largely  of  massive 
sandstone,  but  may  contain  some  thin  sandy  or  shaly  beds.  Tw^o  or 
three  coal  IkmIs  have  been  found  in  it  at  various  places.  The  name 
couglomenite  was  apj)lie(l  to  this  formation  because  some  portions  of 
it,  particularly  the  top  and  bottom,  carry  considerable  quantities  of 
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small  white  quartz  pebbles  up  to  the  size  of  a 
mation  as  a  whole  weathers  to  a  grayish 
white,  may  be  somewhat  iron-stained  on  the 
inside,  and  is  coarse  grained.  Cross-bedding 
is  commonly  found  near  the  top  of  the  for- 
mation. 

The  Lee  conglomerate  is  exposed  along  the 
east  side  of  Pine  Mountain  (Cumberland 
Mountain)  from  State  Line  Spur  to  the 
Breaks  of  Sandy,  where  it  has  a  thickness  of 
about  1,000  feet.  In  the  gorge  known  as  the 
Breaks  the  formation  is  exposed  in  sheer 
cliffs  several  hundred  feet  high.  The  fault 
along  the  west  side  of  Pine  Mountain  throws 
it  high  in  air,  so  that  the  base  of  the  forma- 
tion is  seen  at  Pound  Gap  and  a  little  above 
Osboms  Gap.  In  fact,  the  bottom  of  the 
formation  forms  much  of  the  crest  of  the 
mountain.  North  of  the  river  the  amount 
of  displacement  along  the  fault  decreases, 
and  on  Cow  Fork  of  Grassy  Creek  it  is  so 
small  that  the  escarpment  is  lost  and  the 
top  of  the  formation  is  but  little  above 
creek  level. 

The  conglomeratic  character  of  the  forma- 
tion can  be  seen  near  the  mouth  of  Camp 
Branch,  a  tributary  of  Russell  Fork,  at  the 
Breaks,  and  along  the  crest  of  Pine  Moun- 
tain, where  in  places  the  surface  is  strewn 
with  quartz  pebbles  weathered  from  the 
base  of  the  Lee. 

On  Russell  Fork  above  the  mouth  of  In- 
dian Creek  a  massive  sandstone  which  car- 
ries white  quartz  ix4)bles  and  is  believed  to 
be  the  top  of  the  Lee  is  exposed  for  several 
miles.  At  the  mouths  of  Indian  and  Hurri- 
cane creeks  it  forms  cliffs  100  feet  high  and. 
rising  gradually  to  the  east,  keeps  above 
water  nearly  to  the  heads  of  the  streams. 
The  top  of  the  I^e,  according  to  a  hurried 
field  correlation,  is  but  a  few  feet  above 
Council  post-office,  on  Russell  Fork,  and 
reaches  water  level  one-half  mile  above* 
there,  near  the  coal  bank  of  Isaac  J.  Hurt. 
The  identification  of  the  I^e  on  the  head  of  R 
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the  close  lithologic  resemblance  to  its  occurrence  in  Pine  Mountain  and 
on  the  impression  gathered  by  riding  over  the  countiy  that  the  rise 
of  the  rocks  in  this  corner  of  the  county  ought  to  bring  the  Lee  to  the 
surface.    Confirmatory  paleontologic  evidence  was  not  obtained. 

NORTON    FORMATION. 

A  series  of  sedimentary  rocks  consisting  of  sandstone,  shale,  and 
coal,  and  having  a  thickness  of  1,000  feet  or  more,  lies  above  the 
Lee  conglomerate  and  is  known  in  this  part  of  the  Appalachians 
as  the  Norton  formation.  It  was  first  described  by  M.  R.  Campbell 
in  Bulletin  No.  Ill,  on  the  Big  Stone  Gap  coal  field  of  Virginia 
and  Kentucky.  He  ascribes  a  thickness  of  1,280  feet  to  the  forma- 
tion and  defines  it  as  lying*  between  the  I^ee  conglomerate  and  the 
Ghideville  sandstone.  The  formation  probably  varies  in  thickness, 
for  there  is  some  disagreement  among  sections  containing  it;  the 
sections  in  the  bulletin  just  mentioned  and  in  the  Bristol  and  Estill- 
ville  folios  by  the  same  author  are  not  alike,  and  the  section  measured 
by  the  writer  is  a  little  different  from  any  of  the  others. 

According  to  a  section  of  the  rocks  measured  by  aneroid  from 
Trammel  (lap  to  Dante  on  the  edge  of  this  field,  to  which  was  added 
the  record  of  a  diamond-drill  hole  at  Dante,  the  thickness  of  the 
formation  is  1,060  feet.  This  estimate  is  based  on  an  assumption 
that  a  heavy  sandstone  found  in  the  drill  hole  257  feet  below  the 
surface  is  the  top  of  the  Lee  congh)merate,  and  that  a  sandstone 
carrying  wliite  (juartz  pebbles  and  exposed  in  Trammel  Gap  is  the 
(iladeville.  The  base  of  this  congh)meratic  sandstone  is  only  250 
feet  above  tlie  Upper  Banner  coal,  and  this  raises  a  question  as  to 
the  correctness  of  the  correlation,  as  Mr.  Campbell  has  descril)ed 
the  Up])er  Banner  as  being  400  feet  below  the  Gladeville  sandstone. 

The  (Tladeville  has  not  been  described  as  c(mglomeratic,  but 
always  is  referred  to  as  a  massive  sandstone  about  100  feet  thick. 
As  this  conglomeratic  bed  at  Trannnel  Gap  is  the  nearest  approach 
to  a  massive  sandstone  found  in  the  ridge  above  the  Upper  Banner 
coal,  nnd  ns  it  is  at  the  same  elevation  above  the  coal  as  the  massive 
(iladeville  in  the  ridge  between  Cranes  Nest  Biver  and  Pound  River, 
the  wiitei"  has  acce])ted  the  correlation  of  the  bed  bearing  quartz 
])cl)l)les  in  Trammel  (ia])  as  the  (iladeville,  thus  obtaining  an  almost 
dii-ect  measure  on  the  thickness  of  the  formation. 

So  far  as  known  a  detailed  scH'tion  of  the  Norton  formation  has 
never  becMi  ])ul)lislied.  That  which  follows  is  based  on  a  fairly 
c()inj)lete  section  seen  at  Dante,  Biissell  County,  on  the  south  side 
of  Sandy  Uidge,  and  on  shorter  sections  measured  at  various  j)oints 
in   Dickenson  Count v: 
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ficctinn  of  Xnrton  formation. 

Feet. 

Coal 3 

Sandstone,   thln-beildwl 80 

Shale 00 

Coal,  small  bloom  seen 1 

Sandstone,   massive 1(H) 

Coal,  Upper  Banner n 

Sandstone,  shaly,  and  shale 8(> 

Sandstone 20 

Cx>al,  Lower  Banner .^-4 

Sandstone,  massive r»0 

Coal 2 

Sandstone  and  shale 1!K) 

Coal,  Widow  Kennedy ^__-  0 

Sandstone HO 

Shale  and  thin  sandstone IK) 

Sandstone  carrying  15  inches  of  coal 20 

Sandstone  and  shale 280 

Sandstone,   massive 00 

Shale- : 15 

CV>al ;$-15 

Shale !. in 

l,fM« 

From  this  it  appears  that  the  Widow  Kennedy  coal  is  approxi- 
mately 450  feet,  the  Ijower  Banner  coal  700,  and  the  Tapper  Banner 
800  feet  above  the  Lee  conglomerate. 

(JLADKVTLLE  SANDSTONE. 

There  is  a  question  in  the  mind  of  the  writer  as  to  the  identifica- 
tion of  the  Gladeville  sandstone  in  Sandy  Eid^e,  where  the  greater 
part  of  the  above-descril)ed  section  was  measured.  Nothing  in  the 
ridge  closely  resembles  the  (iladeville  as  it  is  conspicuously  developed 
between  Wise,  Clintwood,  and  the  mouth  of  Cranes  Nest  Kiver. 
East  of  Nickels  Gap,  near  Puncheon  Tree  Branch  of  Cranes  Nest 
River,  the  Upper  Banner  coal  is  250  feet  below  the  base  of  the  Glade- 
ville sandstone.  In  this  part  of  the  county  the  (iladeville  is  100 
feet  thick,  makes  strong  ledges,  and  strews  the  surface  with  large 
blocks  which  are  conspicuous  because  of  their  abundance  and  gray 
color.  The  rock  is  coarse  grained,  resembling  the  Lik*  in  all  respects 
except  that,  so  far  as  observed,  it  is  not  conglomeratic.  At  the  same 
elevation  above  the  Upper  Banner  in  Sandy  liidge  is  found  a  sand- 
stone which  carries  a  few  quartz  pebbles  and  which  it  i?5  assumed 
may  be  the  equivalent  of  the  Gladeville,  although,  according  to  Mr. 
Campbell,  the  interval  l)etween  the  (rladeville  and  Upper  Banner 
coal  at  a  point  a  few  miles  farther  west  is  400  feet,  or  150  feet  greater 
than  the  interval  here. 
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WISE  FORMATION. 

The  lower  portion  only  of  the  Wise  formation  is  found  in  this 
area.  Its  extent  and  distribution  is  not  known  because  the  Glade- 
ville  sandstone  has  not  been  traced  over  the  whole  field.  It  occurs 
only  in  the  tops  of  the  ridges  except  in  the  vicinity  of  Clintwood 
where  it  is  brought  down  to  an  elevation  of  about  1,800  feet  by  a 
structural  depression.  From  Clintwood  northeast  the  Wise  forma- 
tion caps  the  ridge  for  several  miles,  or  until  the  Gladeville  rises 
to  the  top  near  the  mouth  of  Cranes  Nest  River.  It  is  probable 
that  the  Wise  formation  also  makes  part  of  the  crest  of  Sandy 
Ridge  and  of  Big  Ridge  between  Cranes  Nest  and  McClure  creeks. 

The  Wise  formation  is  composed  of  sandstone  and  shale  like  the 
Norton  formation  and  contains  a  few  coal  beds.  One  coal  bed  which 
lies  at  or  near  the  base  of  the  formation  attains  a  thickness  of  8  feet 
on  Lick  Fork  and  Georges  Fork  near  Clintwood. 

STRUCTURE. 
GENERAL  STATEMENT.  * 

Second  in  importance  only  to  the  determination  of  the  amount 
and  quality  of  coal  in  a  prospective  field  is  the  detailed  determin- 
ation of  the  structure  of  the  beds  in  that  field.  On  this  dej^ends 
the  proper  location  of  development  work  for  economical  exploita- 
tion of  the  coal,  for  natural  drainage  of  the  mines,  for  favorable 
grade  to  loaded  cars,  and  other  points  which  make  coal  mining 
a  paying  or  a  losing  proposition. 

The  determination  of  structure  which  shall  be  of  any  value  to  min- 
ing engineers  or  others  interested  in  the  development  of  a  coal  field 
must  he  made  with  considerable  care  and  accuracy.  Frequent  expos- 
ures of  the  reference  stratum  or  of  the  deformed  surface  being 
niai)pe(l  are  necessary  to  the  success  of  the  work,  and  if  the  barometer 
is  iis(m1  for  elevations  it  should  be  checked  regularly  at  some  Ixmch 
mark  of  known  elevation. 

In  this  field,  covering  550  square  miles,  there  is  no  lK>nch  on  which 
to  check  the  barometer  readings,  and,  on  account  of  the  heavily 
wooded  character  of  the  counti'v  and  undeveloped  condition  of  the 
coal  resources,  it  was  not  possible  to  carry  the  correlation  of  any  par- 
ticulai'  stratum  over  the  entire  field.  Conseciuently  in  the  six  weeks 
given  to  the  work  it  was  not  possible  to  work  out  the  structure  in 
detail. 

DKSCIMCTION. 

For  the  most  part  the  rocks  in  this  ai'ca  lie  comparatively  flat. 
The   average   dip   will   scarcely   exceed   50   feet   to.  the   mile.     Only 
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the  general  features  ur  most  conspicuous  structure  will  be  dv- 
ftcribecL  From  the  crest  of  Pine  Mountain  to  Pound  River  iind 
Rnsisell  Fork  below  the  mouth  of  Pounrl  River  the  rock^  dip  strongly 
to  the  southeast  at  angle;^  <lecreasiug  in  greatness  toward  the  south- 
east  At  the  top  of  the  mountain  the  conglomerate  and  massive  sand- 
stone at  the  base  of  the  I^e  dips  to  the  east  ut  angles  as  higli  as  i25'^, 
whereas  near  Pound  River  the  dip  is  less  than  10°,  Tins  carries  the 
Lee  conglomerate  rapidly  below  the  surfaee,  so  that  it  is  not  s^seen  east 
of  the  river  except  below  the  mouth  of  Pound  River  on  Riis*Tell  Fork. 

In  the  triangle  between  Pound  River,  Cranes  Nest  River,  and  the 
county  line  the  structure  na  shown  by  the  Gladeville  sandstone  dip8  in 
a  general  way  toward  Brush  Creek  or  a  point  on  Pound  River  north 
of  Clintwooch  In  other  words  the  Ohideville  is  lowest  on  Brush 
Creek  or  in  that  vieirdty,  a  little  higher  at  Clintwood,  and  ris^s  to  the 
southwest  to  the  head  of  Liek  Fork,  and  to  the  northeast  reaches  the 
top  of  the  ridge  near  the  mouth  of  Cranes  Nest  River.  This  makes  a 
syncline  or  basin  along  Pound  River, 

In  that  portion  of  Wise  County  which  is  included  in  this  discussion 
the  syncline  along  Pound  River  is  readily  recognized*  The  axis  sch^^uis 
to  lie  l>etween  North  and  S^jutli  forks  and  the  lowei^t  ]>nint  is  near 
tlie  junction  of  the  twi>,  for  ihe  rtx'ks  dip  down  South  Fork,  Indian, 
Bowleeamj),  an*l  Mill  eret^ks, 

Throughout  the  rest  of  the  area  under  discussion,  from  8andy 
Ridge  to  Cranes  Nest  River,  the  roeks,  as  far  as  could  Ix^  disc^oveivd 
in  a  hurried  reconnaissance,  dip  generally  to  the  north  and  north- 
west. There  are  some  minor  interruptions,  such  as  the  !=ionth  dip  on 
Russidl  Fork  near  the  mouth  of  Indian  Creek  anil  on  Russell  Fork 
fi^tnu  Birchleaf  post-otlice  in  Duty  Branch,  Imt  thesi^  are  not  thought 
In  lie  numerous  or  extensive, 

IWliLTS. 

It  is  well  known  tluU  a  great  fault  exlends  along  ihe  west  side  of 
Pine  Mountain  for  inaiiy  miles,  intt'i^rnptiug  the  conliiuiity  of  the 
Virginia  and  Kentucky  coal  fields.  The  elfect  of  this  overthrnst  fault 
m  very  plain  on  ihe  Virginia  side  of  the  mountaiiK  f<>r  it  tilts  the  rm*ks 
up  to  an  angle  of  25^^  and  brings  all  of  the  Ijt^e  conglomerate  to  the 
surface.  This  fault  is  on  the  Kentucky  side  of  Pine  Mountain,  but 
north  of  the  Bi-eaks  of  Sandy  it  erosses  the  State  line  on  Oi'assy  Creek 
and  is  nturked  by  an  escarpment  which  decreases  in  height  toward  the 
northeast  until  on  Cow  Fork  it  is  scarcely  recognizable.  It  is  pof^i- 
ble  that  tlte  fault  terminates  in  a  northward-plunging  anticline  on 
I^visa  Fork,  though  such  an  anticline^  if  it  exists^  must  be  a  very 
minor  feature  a^^  compared  to  the  fault. 

An  escarpment  1(K)  feet  or  more  in  height  on  the  flank  of  Pine 
Mountain  near  the  head  of  Skeet  Rock  and  Lower  Twin  branches 
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suggests  that  it  h  ii  fault  face,  hut  fur  luck  of  lime  ami  Un^au.se  it  is' 
lieyoiul  the  Uiiuls  of  the  coal  IkhIs,  it  was  not  studied*    The  road  runs 
along  the  crest  of  this  escarpment  for  some  distance.    A  notch  in  the 
crest  of  Pine  Monntain,  known  as  '^  Skags  Gap,-'  suggests  cros^s  fanlt- 
Ing  in  the  ridge.     One  side  of  the  notch  as  seen  fr<ini  the  south  is_ 
nearly  perpendicuhir,  and  in  that  way  differs  from  the  other  gaps;    I 

Parallel  faults  75  yards  apart  and  trending  X.  40*^  W*  were  fonnd 
at  the  mouth  of  Pourul  Riven  The  amount  of  displacement  was  not 
ascertained.  One  of  these  faults  crosses  Pound  River  at  the  dam  and 
directly  under  the  gristmill  which  is  situated  here.  On  the  UiWeB 
side  iif  the  dam  is  the  L<^e  conglomerate,  rising  40  feet  above  the 
water,  while  un  the  upper  siiJe  l>eds  of  shale  dip  away  from  the  fault 
Angular  Mocks  (>f  tlie  Lee  are  sceu  in  the  fault  at  the  door  of  the  millj 
Sandstone  overlying  the  shale  dips  upstream  for  a  short  distance 
I>ut  at  the  ford,  leas  than  one-ftnirth  mile  above  the  mill^  the  dip  ii 
downstream* 

The  second  fault  makes  a  displacement  in  tlie  Loe  and  extend^ 
along  the  west  bank  of  Russell  Fork,  crossing  Pound  River  at  ill 
nmuth.  This  fault  is  consph-uous  at  low  water,  for  the  rock  floor  of 
Pound  River  breaks  otF  abruptly  in  a  straight  line  into  the  deeix^r 
water  of  Russell  Fork.  Time  did  not  permit  of  a  determination  of 
llic  extent  of  thest^  faults.  Tin*  acfompanying  illustrations  (PL  VI| 
.1  and  B)  show  the  faulting  l)etter  tliau  it  could  be  shown  by  anj 
further  description. 

A  small  faidt  luakiug  a  displacement  of  about  20  feet  in  a  massive 
sandstone  was  noted  at  the  ford  just  liclow  Colley  post-office,  near  tin 
mouth  of  Fryingpan  Creek,  On  Priest  Fork,  less  than  onefouill 
niili*  above  the  mouth,  the  dips  in  somec^f  t'je  outcrops  are  very  strong 
and  a  clitf  in  the  stream  alxjve  John  Kiser's  house  shows  some  dis 
turbance  which  seems  to  indicate  a  small  fault,  A  coal  oi>ening  al>o\ 
the  road  near  Kisers  house  sdso  shows  a  little  displacement  of  ilu 
strata-  Tt  is  not  known  that  thei-e  is  any  relation  Ijetween  the  fault 
at  the^  two  places,  but  the  suggestion  tliat  there  may  be  is  sti^ugtfc 
eiied  by  the  occurrence  of  a  very  sharp  little  fold  at  the  thirtl  liond 
in  Russell  Fork  above  Murphy.  These  three  jioints  arc  in  line  au^ 
may  1k^  related. 

On  Russell  Fork,  about  1  mile  above  the  mouth  of  Hurricar 
rr€*ek  and  near  Spencer  Balls  house,  there  is  some  indication  of 
faidt*  A  massive  sandstone,  supposed  to  be  the  top  of  the  Lee,  which 
can  lie  traced  fi^om  the  head  of  the  river  to  this  point*  gradually  de- 
creasing in  elevation,  here  suddenly  disappears,  and  shale  standing 
at  high  angles  is  seen  at  the  same  elevation.  A  short  distance  below 
BalTs  the  heavy^  sanilstoue  ledges  appear  again  and  continne  to  the 
month  of  Hurricane  Creek,  where  the  top  of  this  conspicuous  stratum 
is  about  TO  feet  above  tlie  creek,    The  dip  continues  downsti^eam  for 
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a  short  distance,  but  reverses,  so  that  the  same  sandstone  makes  a 
cliff  100  or  more  feet  high  at  the  mouth  of  Indian  Creek.  Although 
highly  tilted  strata  or  faults  were  nbt  seen  on  Indian  Creek,  it  is 
notable  that  there  is  a  possibility  of  the  continuance  of  the  above- 
described  disturbance  a  little  below  Duty.  The  heavy  sandstone,  sup- 
posed to  be  the  Lee,  on  Caney  Fork  of  Indian  Creek,  dips  gently  down- 
stream to  a  point  about  one-fourth  mile  below  the  mouth  of  Caney. 
There  the  conspicuous  ledges  disappear,  and  it  is  said  the  large  coal 
bed  in  this  vicinity  shows  evidence  of  disturbance.  Farther  down- 
stream the  massive  sandstone  ledges  appear  again,  but  they  are  dip- 
ping strongly  upstream.  This  is  not  sufficient  evidence  for  drawing 
the  continuation  of  the  fault  seen  at  Ball's  across  to  Indian  Creek, 
but  to  those  considering  investment  in  this  part  of  the  field  the  sug- 
gestion may  be  of  value. 

At  Haysi,  a  few  rods  east  of  C.  M.  Heyter's  store,  sandstone,  shale, 
and  thin  streaks  of  coal  are  exposed  in  the  highways,  standing  vertical 
and  striking  north  and  south.  Just  west  of  the  store,  in  the  road  in 
front  of  Mr.  Garrett's  house,  there  is  a  2-foot  coal  which  dips  70^ 
and  strikes  N.  65°  W.  In  the  head  of  a  ravine  on  Mrs.  Winnie 
Scyphers's  land  and  below  Garrett's  house  the  rocks  are  greatly  dis- 
turbed and  indicate  proximity  to  a  fault.  Sandstone  at  the  head  of 
the  ravine  stands  vertical,  and  a  few  rods  below  is  shale  which  is  both 
contorted  and  vertical.  Between  these  outcrops  coal  dipping  only  a 
few  degrees  is  exposed  under  a  roof  of  jointed  sandstone.  The  rela- 
tion of  this  sandstone  to  the  other  rocks  suggests  that  its  broken 
condition  is  due  to  the  strain  of  faulting.  Farther  down  the  ravine 
the  rocks  are  horizontal. 

It  is  possible  that  other  minor  faults  or  sharp  folds  of  small  extent 
may  be  found  on  closer  investigation  of  the  field. 

COAIi  RESOURCES. 

GENERAL    STATEMENT. 

On  account  of  the  undeveloped  condition  of  the  coal  resources  of 
this  region  and  because  of  the  reconnaissance  character  of  the  survey, 
it  is  not  possible  for  the  writer  to  name  and  describe  the  extent  of 
the  various  coal  beds  occurring  in  the  area.  Many  of  the  coal  out- 
crops lie  several  miles  from  the  next,  and  in  the  wooded  condition  of 
the  country  it  was  impossible  to  carry  correlation  over  distances  so 
great.  Certain  beds  were  traced  throughout  small  areas,  but  in  some 
parts  of  the  field  no  horizon  was  recognized  with  certainty. 

Five  coal  beds  of  economic  importance  were  recognized  and  will  he 
referred  to  by  name  wherever  the  identity  is  established.  The  lowest 
of  these  is  a  bed  from  3  to  15  feet  thick  which,  in  the  author's  opinion, 
occurs  a  few  feet  above  the  top  of  the  Lee  conglomerate.    Paleonto- 
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logic  or  other  evidence  has  not  yet  l>een  obtained  to  confirm  this  point- 
This  horizon  is  belo^v  the  surface  of  the  greater  ptirt  of  the  tirt^a,  hut 
is  exponed  on  tlie  head  of  Kns^sell  Fork  and  its  tributary^  Indian 
Crt*ek*  Here  the  coal  ha.s  a  thickness  of  8  feet  or  more  at  a  Bmnter 
of  openjng>^»  Because  of  the  intere.^t  of  S-  J,  Tiller,  postmaster  at 
Duty,  Va.,  in  the  development  (if  this  coal,  it  will  be  called  in  this 
report  the  TiUer  coal*  It  probably  corresponds  to  the  ElBwiek  coal  of 
the  Elkhorn  field  of  Kentncky. 

The  ^Viilow.. Kennedy  eoah  which  has  been  mined  for  a  number  of 
years  at  I)aifr%»^«od  is  exposed  east  of  Tacoma,  Va.,  is  400  to  4.50  feet 
above  the  Lee  e*«i glomerate*  So  far  as  the  writer-^*  limited  observa- 
tions go  thiH  coal  has  sandstone  for  both  roof  and  floor*  The  roof 
sandstone  at  some  places  is  fractured  by  numerous  joints.  The  b(.*d 
varies  greatly,  thicknesj^es  of  3  feet  and  12  feet  having  been  sc*en  in 
the  same  niinej  and  at  another  point  it  decrease's  from  7  feet  to  1  foot 
in  50  yards.  Fanlting  strains  or  other  forces  seem  to  have  diRturi>ed 
this  coal  more  than  the  others,  and  in  many  places  it  is  crushed, 
contorted,  and  filled  with  balls  and  bands  of  clay,  so  that  its  value  is 
greiitly  decreased.  ■ 

Approximately  700  feet  al>ove  the  Lee  conglomenite  is  the  Lower 
Banner  coal,  wliich  is  mined  at  Dante  and  Toms  Creek,    Thi;^  coal 
is  about  4  feet  thick  and  occurs  above  50  feet  of  massive  Bandstotiu 
It  is  little  known  in  tlie  area  described,  and  the  fact  that  it  has  not 
been  found  elsewiiere  may  indicate  that  it  is  thin  and  unimportant. 

One  hmidred  feet  above  it  is  the  Upper  Banner  coal,  4  to  5  feet 
thick,  which  is  widely  known  in  Dickenson  County  by  numerous  pros- 
pects. A  sandstone  parting  T  to  ^  inches  tliick  occurring  in  the  uppi^r 
part  of  the  bed  is  a  peculiar  characteristic  of  this  coal. 

In  the  vicinity  of  Clintwood  a  coal  bed  5  to  9  feet  thick  occurs  just 
alK)ve  the  Gladeville  sandstone  and  has  been  opened  in  a  number  of 
places.  The  fuel  supply  of  the  county  seat  comes  from  this  bed.  The 
writer  can  not  definitely  correlate  it  with  any  seams  previously  de- 
scril)ed,  and  in  this  report  will  call  it  the  Clintwood  coal.  Its  great- 
est development  is  west  of  Clintwood. 

A  description  of  the  exposures  seen  at  prospect  trenches,  coal  banks, 
and  natural  outcrops  in  all  parts  of  the  area  will  give  an  idea  of  the 
character  and  distribution  of  the  coal  beds.  To  facilitate  description 
the  field  will  be  divided  into  four  parts,  namely,  the  drainage  basins 
of  Pound  River,  Cranes  Nest  River,  McClure  Creek,  and  Russell 
Fork. 

RUSSELL  FORK. 

General  statement. — The  section  of  the  field  described  under  the 
heading  Russell  Fork  includes  all  the  tributary  drainage  of  Russell 
Fork  on  the  east  from  its  head  to  Grassy  Creek,  at  the  State  line, 
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and  Fryingpan  and  Lick  creeks  on  the  west.  Most  of  this  section  is 
A-ery  thinly  settled  and  little  prospecting  has  been  done  for  coal  except 
on  Indian  Creek,  where  there  is  an  unusually  thick  bed,  and  on  Fry- 
iiigpan  Creek  near  Bucu  post-office. 

Council. — A  coal  was  once  opened  about  20  feet  above  the  store  at 
Council,  on  the  head  of  Russell  Fork,  but  the  opening  is  caved  now. 
One-third  of  a  mile  above  Council,  beside  the  road  and  only  a  few 
feet  above  the  creek,  there  is  a  coal  bank  belonging  to  Isaac  J.  Hurt, 
Avhere  coal  is  mined  regularly.  An  entry  has  been  driven  100  feet  N. 
10°  E.  slightly  up  the  rise  of  the  coal,  which  dips  northwest.  The 
l>ed  is  5^  feet  thick  (1)«  and  contains  2  inches  of  da^y  and  30  to  36 
inches  of  laminated  coal  in  the  middle.  It  has  a  saftfd^-one  roof  and 
floor  (PI.  VII,  B). 

The  term  "  laminated  "  used  in  this  paper  is  applied  to  coal  which 
is  crushed,  soft,  and  flaky,  which  slacks  readily  and  is  high  in  ash. 
'*  Rash  "  is  another  word  for  the  same  thing.  In  places  the  laminated 
coal  is  crumpled  and  has  many  smooth,  polished  surfaces.  The  evi- 
dence indicates  that  it  is  the  result  of  lateral  movement  in  the  inclos- 
ing rocks. 

A  few  rods  upstream  from  the  Hurt  coal  bank  the  sandstone  which 
forms  the  floor  of  the  coal  is  seen  to  be  of  sugary  texture  and  finely 
conglomeratic.  The  white  quartz  pebbles  and  the  general  rise  of  the 
rocks  lead  to  the  conclusion  that  this  is  the  Lee  conglomerate.  If  so, 
this  is  a  coal  not  elsewhere  described,  for  the  first  coal  bed  known 
above  the  Lee  conglomerate  in  Virginia  is  the  Jawbone,  which  is  de- 
scribed in  the  Bristol  folio  as  150  feet  above  the  I^ee  conglomerate. 
As  already  stated,  this  will  be  called  the  Tiller  coal. 

Below  Council  this  coal  is  higher  above  the  creek  and  the  conglom- 
erate is  conspicuous  and  abundant,  making  ledges  on  both  sides  of 
the  stream.  Noah  (J.  Ball  opened  the  coal  back  of  his  house  and  100 
feet  above  the  creek,  but  it  is  concealed  now.  The  thickness  is  re- 
ported as  7  feet.  About  100  yards  below  Ball's,  in  a  hollow  on  the 
•north,  there  is  a  prospect  which  shows  a  horizontal  shale  roof  and  5 
feet  of  coal  with  bedding  highly  tilted.  Three-quarters  of  a  mile 
below  Ball's  the  ledges  of  Lee  conglomerate  disappear  and  shale  ap- 
I)ears  at  the  same  elevation.  This  change  is  one-eighth  mile  above 
Spencer  Ball's  and  is  attributed  to  a  fault.  Three  hundred  yards 
below  Spencer  Ball's  an  outcrop  in  the  road  shows  shale  standing 
nearly  vertical  with  horizontal  shale  on  both  sides.  The  disturbance 
from  the  original  position  of  the  beds  at  this  point  is  apparent.  The 
conglomerate  appears  again  shortly  and  continues  to  the  mouth  of 
Hurricane  Creek,  where  it  makes  a  coif^picuous  ledge  70  feet  high. 

•Figures  in  parentheses  correspond  to  locations  numl)ore(l  on  the  map  (PI.  V)  and  to 
coal  sections  numbered  on  accompanying  group  of  coal-section  ligures.  A  letter  following 
the  figures  means  that  two  or  more  sections  were  measured  at  one  opening. 
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It  is  reported  that  coal  has  been  found  on  top  of  the  conglomerate  in 
a  hollow  near  the  mouth  of  Hurricane  Creek.  There  is  a  strong  dip 
to  the  rocks  down  Russell  Fork  for  a  short  distance,  but  it  reverses, 
bringing  up  the  Lee,  which  makes  a  cliff  at  the  mouth  of  Indian 
Creek. 

In  the  bank  of  Russell  Fork  at  the  north  end  of  a  suspension  bridge 
just  bek)w  the  mouth  of  Indian  Creek  there  is  a  22-inch  bed  of  coal 
under  a  100- foot  ledge  of  sandstone  supposed  to  be  the  upper  part  of 
the  Lee.  Fossils  found  in  tiie  roof  shale  were  too  poor  to  determine 
the  exact  stratigraphic  position  of  the  bed. 

Indian  Creek. — Ledges  of  heavy  sandstone  supposed  to  be  the  top 
of  the  Ijee  conglomerate  are  exposed  on  Indian  Creek  from  its  mouth 
to  at  least  a  mile  above  the  mouth  of  Caney  Fork  and  2  miles  above 
Duty  post-office,  on  the  njain  fork  of  the  creek. 

Near  the  three  forks  of  the  right  fork  of  Indian  Creek,  on  J.  H. 
Musick's  land,  and  200  feet  above  the  stream,  there  is  an  opening 
which  shows  a  coal  bed  12  feet  thick  containing  two  shale  partings 
which  are  22  and  33  inches  thick  (2).  This  section  was  obtained 
from  H.  Ilardaway  and  is  believed  to  represent  the  coal  which  lies 
on  top  of  the  Lee. 

•  Near  Doctor  Comb's  house,  on  the  left  fork  of  Indian  Creek,  there 
is  an  opening  on  the  left  side  of  the  creek  on  a  coal  bed  reported  by 
Mr.  Hardaway  to  be  nearly  5  feet  thick  (3).  Only  4  feet  could  be 
seen  at  the  time  of  the  writer's  visit.  If  this  is  not  the  same  as  the 
Tiller  coal,  it  is  not  much  over  100  feet  above  it. 

On  the  Van  Sutherland  tract  at  the  liead  of  the  right  fork  of  main 
Indian  Creek  there  is  an  opening  wliich  exposes  a  l)ed,  supposed  to  be 
Tiller  coal,  12  feet  5  inches  thick  (4).  The  thickest  parting  in  this 
IkmI  is  18  inches,  but  much  of  the  coal  is  inferior.  The  shale  roof  is 
fossiliferous  and  shows  concentric  structure. 

In  Cane  (iap  an  opening  driven  30  feet  S.  10°  AV.  up  the  rise  shows 
the  Tiller  coal  15  feet  4  inches  thick  (5),  according  to  a  measurement 
by  Mr.  Ilardaway.  The  bottom  j)art  of  this,  4  feet  10  inches  thick, 
is  fine  solid  coal  and  the  remaining  10  feet  contains  4  feet  of  clay  and 
shale.  In  the  first  hollow  south  of  Cane  (iap  and  just  over  the  ridge 
from  Siitlierhuurs  there  is  an  ()i)ening  close  to  Elijah  Kasnick's  house 
which,  according  to  Mr.  Ilardaway,  is  di'iven  50  feet  S.  70"^  E.  and 
allows  a  bed  0  feet  2  inches  thick  ((>)  similar  to  the  lower  part  of  the 
l)C(l  at  Cane  (iap.  The  upper  part  of  the  bed  is  concealed.  Directly 
over  the  ridge  from  Kasnick's  on  Caney  Fork  drainage  a  drift  was 
once  run  iJO  feet  S.  25°  E.,  but  is  caved  now.  Only  0  feet  1  inch  of 
the  lower  i)ai't  of  the  bed  was  exposed  (T),  of  which  18  inches  is  curly 
and  flaky. 

At  the  head  of  the  left  fork  of  Caney  Fork  above  8.  J.  Tillers 
liouse  this  coal  has  been  opened  in  several  places.     Near  the  head  of 
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the  fork  Ilinmi  Tiller  luis  dug  into  the  outcrop  ami  reports  the  t)ed 
18  feet  4  indies  thiok;  the  writttr  m^y  over  11  feet  of  coal,  but  the  bei 
may  not  have  been  entirely  exput^^d  (8)-     In  the  woods  110  feet  abov 
the  creek  an  opening  was  made  to  obtain  fnol  f<ir  ti  hx^oniotive  nsed 
in  logging.     A  ''  switch  back  -'  wa^  built  to  the  entranre  and  an  entry 
driven  enst  120  feet  on  the  coal.    Th«  bed  i^i  8  feet  thick  ami  5^  fei 
of  it  was  mined  (9), 

On  Caney  Fork  above  N,  B.  Sutherland -s  house  this  l>ed  ha.s 
thicknesvs  of  11  feet  (10)  and  is  not  heavily  burdened  with  shale 
clay  partings.  This  st^etinn  wjls  measured  by  Mr,  llanlaway.  Ac- 
cording tu  ins  classiJieation  it  contains  liiG  inchej^  of  huninated  and 
rashy  coal  and  sshale.  The  writer  did  not  see  the  coal  at  this  jxiitit^ 
but  presmues  the  hiniinated  cohI  referred  to  h  a  bou}^  coal  antl  that 
the  rash  is  a  ttoft,  crushed,  flaky  coal,  Une-half  mile  below  Suther- 
land's on  the  right  of  the  creek  an  opening  about  100  feet  above  the 
water  has  been  driven  S*  41^'^  E.  on  the  same  bed,  wliich  is  a  trifl*'  less 
than  8  feet  thick,  Ln  a  field  on  the  point  of  the  hill  on  the  left,  1 
mile  above  the  mouth  of  Caney  Fork,  the  David  Tiller  pit  driven 
west  down  the  dip  shows  the  coal  just  8  feet  thick  but  the  middle  3 
feet  carries  3  partings  which  aggregate  17  inches  of  shale. 

Just  below  the  forks  of  Caney  Fork  and  less  than  1  mile  above 
Indian  Creek  an  opening  on  the  west  of  the  stream  close  to  the  road 
is  reported  by  Mr.  Hardaway  to  have  shown  the  Tiller  coal  over  14 
feet  thick  (11).  This  is  known  as  the  Pitzer  and  Lindsay  oix^ning* 
When  visited  by  the  writer  this  pit  wns  partly  mved  and  only  tlie 
upper  part  of  the  section  could  be  verified.  On  the  north  side  of  a 
hollow  which  joins  Caney  Fork  on  the  west  side  at  this  point  there 
is  an  exposure  at  water  level  of  30  inches  of  coal  under  a  sandstone 
roof.  Although  this  is  60  feet  lower  than  the  Pijtzer  and  Lindsay 
opening  it  is  supposed  to  be  the  top  bench  of  the  ^me  coal  brought 
to  water  level  by  a  strong  northwest  dip  which  is  apparent  at  the  last 
mentioned  exposures. 

S.  J.  Tiller  reports  that  a  4i-foot  bed  of  coal  has  been  opened  in 
this  vicinity  about  100  feet  above  the  big  coal  bed,  but  it  is  nowhere 
accessible  at  the  present  time.  He  also  states  that  an  18-inch  bed  has 
been  seen  at  water  level  near  the  mouth  of  Caney  Fork.  It  was  not 
observed  by  the  writer,  but  if  the  correlation  is  correct  this  would  be 
the  same  as  the  22-inch  bed  at  the  mouth  of  Indian  Creek.  Between 
the  mouth  of  Indian  Creek  and  Abners  Branch,  a  mile  below,  there 
is  a  coal  bloom  at  the  highest  point  in  the  road  on  the  south  side  of 
the  creek.     Probably  it  is  an  unimportant  bed  of  small  thickness. 

Bee, — The  rocks  rise  rapidly  up  Abners  Branch  and  it  is  possible 
that  an  18-inch  coal  bed  exposed  about  75  yards  up  the  hollow  bad[ 
of  Bee  may  be  the  same  as  that  just  mentioned.    At  John  Burrill's 
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in  the  gap  at  the  head  of  Abners  Branch  an  outcrop  shows  17  inches 
of  coal  tinder  20  inches  of  shale  and  a  sandstone  roof  (12) . 

Murpfii/^— The  aid  J  coal  seen  on  Russell  Fork  between  Abnei^s 
Brancli  and  Fryingpan  Creek  is  a  small  outcrop  on  Little  Pawpaw 
Creek  300  yards  abijve  EolK»rtson's  house.  Hcr^  15  inches  of  coal  is 
exposed  under  a  ledge  of  sandstone  close  to  water  level.  The  whole 
U'd  may  not  have  been  seen.  On  the  opposite  side  of  Hie  branch  and 
a  few  rods  farther  up  there  once  was  an  opening  which  is  reported  to 
have  show^n  3  feet  of  coal.  It  is  said  that  thex'e  is  a  bed  exposed  3 
miles  up  Little  Pawpaw  Creek,  where  Charles  Green  gets  fuel  for  his 
sawmill*  Two  feet  of  coal  is  reported  back  of  Samuel  Deel's  hou^ 
just  below  Murphy,  but  it  is  not  now  exposed. 

Fryinfipan  Creek. — At  the  gap  between  the  heads  of  Fryingpan 
and  Indian  creeks  on  the  road  fi"om  Carrie  post-office  to  Jeff  Power's 
there  is  a  coal  4  feet  3  inches  thick  (13)  which  is  Ijelievcd  to  be  the 
Upper  Banner.  This  conclusion  is  based  both  on  the  stratigraphic 
pasition  of  the  coal  and  on  the  presence  in  the  upper  part  of  the  bed 
of  a  thin  band  of  sandstone,  which  Is  a  distinguished  characteristic 
of  the  Upper  Banner  bed.  It  is  reported  that  one-fourth  of  a  mile 
southwest  of  Jetf  Power's  house  the  same  coal  is  over  6  feet  thick,  but 
contains  a  parting  of  clay  1  foot  thick  (14),  It  seems  from  the 
evidence  in  the  two  sections  that  in  one  (13)  the  whole  thickness  of 
the  bed  is  not  exposed  and  more  ooal  will  he  found  in  the  floor. 

In  the  yard  at  Sutherland's  store,  at  Bucu,  coal  has  Ijeen  taken  from 
the  outrrop  of  a  ;Vi-inch  lied  (15)  lying  under  shale;  and  close  to  the 
road  on  Left  Fork  one-third  mile  al)ove  Bucu  there  is  an  entry  driven 
X.  35^  W.  on  a  5-foot  bed,  anothei*  coal  lying  a  little  higher  than 
the  one  just  descril>ed*  under  heavy  sandstone.  The  coal  is  in  two 
benches  separated  by  10  inches  of  clay  (16).  The  rocks  seem  to  dip 
westward  in  this  vicinity,  and  it  is  possible  that  the  same  coal  has  Ijeen 
opened  one- fourth  mik  lielo%v  Bucu  in  the  east  bank  near  Adolphus 
Kiser's  store  and  on  the  opposite  side  of  the  stream  at  Z.  T*  Suther- 
land's. 

An  opening  at  Kiser's  shows  3  feet  10  inches  of  coal  with  only 
one-half  inch  of  parting  (17),  Twenty-five  feet  above  it  20  inche 
of  coal  is  exposed.  On  the  opposite  side  of  the  creek  the  Sritherland 
opening  sliows  a  5-foot  lO-inch  bed,  which  is  peculiar  in  that  the  lower 
2  feet  S  inches  is  a  mixture  of  clay  and  laminated  coal  standing  on 
edge.  From  10  to  15  inches  l>elow  the  nM>f  tliere  is  a  ftKit  of  bony, 
mashed,  slickensided  coal  (18).  This  may  be  the  Widow  Kennedy 
bed. 

One  mile  below^  Bucu  there  is  an  opening  by  the  roadside  now 

partly  caved,  which  has  a  rotjf  of  sandy  shale  that  sliows  cemchoidal 

fracture.    The  coal  is  disturbed,  being  particularly  curly  in  the  lower 
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part  of  the  bed,  which  is  reported  to  be  5  feet  7  inches  thick  (10). 
Near  Harve  Power's,  farther  down  the  creek,  another  opening  by  the 
road  is  reported  on  the  same  bed  and  with  the  same  thickness  (20). 

The  Upper  Banner  coal  has  been  opened  in  the  head  of  the  hollow 
back  of  Harve  Power's,  not  far  from  Clement  V.  Rasnick's,  on  top 
of  the  ridge  between  Fryingpan  and  Lick  creeks.  It  is  500  feet 
higher  than  the  creek  at  Power's  house.  The  coal  is  exposed  in  a 
20-foot  drift  on  the  farther  side  of  a  spur  300  yards  from  W.  G. 
Honaker's  house.  It  is  under  a  50-foot  ledge  of  sandstone  and  is 
over  6  feet  thick  (21).  On  the  other  side  of  the  same  branch  a  drift 
run  20  feet  N.  80°  W.  down  the  dip  shows  the  Upper  Banner  coal 
bed  nearly  7  feet  thick  (22),  according  to  a  measurement  by  Mr. 
Hardaway.     Less  than  20  inches  of  the  bed  is  clay  or  bone. 

At  the  ford  just  below  CoUey  there  are  two  bands  of  coal  12  inches 
thick  separated  by  3  feet  of  sandstone  and  clay  (23).  The  bed  is 
of  no  value  and  is  terminated  at  one  end  of  this  outcrop  by  a  fault. 
There  is  1  foot  of  coal  in  the  road  at  the  mouth  of  Priest  Fork. 

Lick  Creek. — Coal  exposures  are  few  on  Lick  Creek.  A  1-foot 
bed  outcrops  in  the  cliff  one-fourth  mile  below  the  mouth  of  Dog 
Branch,  and  a  pit  on  the  left  fork  of  Dog  Branch  one-half  mile  above 
Lick  Creek  near  J.  W.  Self  s  house  reveals  a  little  coal.  The  shale 
roof  at  this  point  is  regular  and  horizontal,  but  the  coal  is  in  irregular 
blocks  or  gobs  mixed  with  contorted  clay.  Although  the  coal  has  been 
mined  alpng  the  crop  for  30  feet,  no  regular  bedded  coal  was  seen. 
The  condition  of  the  bed  and  its  geologic  relations  suggest  that  this 
is  the  Widow  Kennedy  coal.  An  opening  at  creek  level  near  the 
head  of  Beech  Branch,  at  John  Diel's,  is  on  the  Upper  Banner  coal. 
The  bed  is  4  feet  thick  (24)  and  has  the  characteristic  sandstone 
parting. 

BircJdeaf. — A  road  opening  on  Russell  Fork  near  Birchleaf,  one- 
eighth  mile  south  of  Dicks  Branch,  is  reported  to  have  shown  4  feet  of 
coal,  and  a  short  drift  at  T.  K.  Colley's  at  the  mouth  of  Duty  Branch 
shows  about  4  feet  of  crushed  and  rolled  coal  imder  a  roof  of  badly 
crushed  or  jointed  sandstone.  The  roof  is  so  treacherous  that  the 
pit  is  not  kept  open.  Some  of  the  coal  has  slickensided  faces,  and  the 
whole  appearance  suggests  the  Widow  Kennedy  bed.  The  dip  from 
the  mouth  of  Fryingpan  Creek  to  Dtcks  Branch,  is  downstream. 

RusaeU  Prator  Creek, — Russell*  Prator  Creek,  which  enters  Russell 
Fork  opposite  McClure  Creek,  is  the  largest  of  the  eastern  tributaries, 
but  its  coal  resources  have  received  little  attention.  There  is  a  1-foot 
bed  in  the  road  above  Albert  Owen's  and  a  15-inch  bed  one-fourth 
mile  above  Prator,  on  the  left  fork.  C.  C.  Clevinger  reports  a  bed 
5  feet  10  inches  thick  in  the  top  of  the  mountain  1  mile  «above  the 
mouth  of  Greenbrier  Fork.  At  the  head  of  War  Fork,  2i  miles 
above  Prator,  there  is  an  opening  in  the  hillside  opposite  arid  130 
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feet  above  Larkin  Oweiij^'s  house  and  100  feet  below  the  top  of  the 
ridgp.  It  has  been  driven  12  feet  S.  T0°  E.  up  the  rine  and  shows 
a  bed  (25)  4  feet  8  inches  thick  containing  only  one-half  inch  of 
clay*  This  coal  is  probably  leas  than  200  feet  above  the  creek  at 
the  mouth  of  War  Fork  and  may  be  the  Upper  Banner*  W*  G* 
Baine!^  reports  that  a  5-foot  coal  with  no  partings  has  been  opened 
at  the  head  of  War  Fork  by  Isaac  Vier??*  This  coal  is  caitght  only 
in  the  knobs  on  top  of  the  ridge,  A  3-foot  bed  of  coal  is  reported 
near  the  head  of  the  left  fork  above  Prat  or. 

On  Oreenbrier  Fork  of  EusscH  Prator  there  are  some  small  open 
ings  by  the  roadside  a  short  distance  above  the  mouth  on  a  15- inch 
and  a  2-foot  bed  which  are  only  4  feet  apart.  On  the  east  of  Green- 
brier, 2  miles  above  the  month  and  400  feet  above  the  road,  Albert  and 
Wiley  O'Quinn  have  recently  run  a  drift  about  20  feet  in  a  sontli- 
westerly  direction.  The  betl  is  over  5  feet  thicks  but  has  several  thin 
partings  (20)* 

An  opening  on  Z.  T.  Raines's  land  at  the  head  of  Greenbrier  Fork 
fdiows  (27)  29  inches  of  coal,  and  two  small  openings  on  the  same  bed 
close  to  Joshua  O'Quinn's  house  show  about  2  feet  of  coal. 

Itayifi — In  the  roail  a  few  rods  west  of  the  store  at  Haysi  a  ti-foot 
coal  bed  dipping  north  at  an  angle  of  70"^  indicates  a  fold  or  fault  at 
this  point.     The  exposure  is  in  fi^ont  of  a  house  oc^cupied  by  Mr*  Gar- 
rett on  Mrs.  Winnie  Scyphers's  land*     In  a  ravine  beyond  the  hons>,  ^j 
under  a  strongly  jointed  sandstone  and  between  rocks  standing  verti-  ^| 
cal,  there  is  an  outcrop  showing  15  inches  of  coal,  %  feet  of  fire  clay,  ^^ 
and  at  least  1  foot  of  coal  below.     The  bed  dips  at  a  small  angle  and 
can  be  of  no  value  on  account  of  the  greatly  disturbed  condition  of 
the  rocks. 

At  the  head  of  the  first  west  branch  of  Russell  Fork  above  Pound 
Kiver  is  a  small  excavation  from  which  Mrs.  Winnie  Scyphers  has 
taken  a  little  coal.  Six  inclies  of  bone  and  2  feet  of  coal  (28)  com- 
pose tlie  bed  which  dips  strongly  toward  the  northwest.  One  going 
from  Haysi  finds  this  opening  in  the  first  field  on  the  right  of  the 
road,  beyond  the  woods  north  of  Mount  Olive  church.  Along  this 
road  to  the  mouth  of  Pound  River  several  coal  blooms  are  seen^  and 
one  striking  N,  20°  W.  crosses  the  road  with  a  vertical  dip* 

BarU  LiH\— On  the  road  from  the  mouth  of  McClure  Creek  to 
Jane,  on  Hunts  Creek,  a  coal  bloom  is  exposed  in  the  gap  at  the,  top  of 
the  ridge  l^etween  Russell  Prator  Creek  and  Barts  Lick,  and  at  three 
points  within  150  feet  below  the  gap  on  the  north  side  of  the  ridge. 
At  the  foot  of  the  steep  grade  in  tlie  bed  of  the  run  tributary  to 
Barts  Lick  a  small  amount  of  coal  has  been  obtained  by  stripping  a 
I- foot  bed  in  the  road.  One  mile  up  Barts  Lick  from  where  the  road 
gohig  nortli  leaves  the  main  stream  a  2-font  coal  bed  (2^)  ot'curs 
the  mouth  of  the  first  right  hollow  below  the  splash  dam,  in  a  pit 
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feet  above  the  branch  and  300  yards  below  Dr.  J.  W.  Wright^s  house. 
It  also  shows  in  the  bed  of  the  branch  close  to  the  house.  In  1906 
coal  was  being  mined  at  this  place  for  use  in  a  sawmill.  At  the  crook 
of  the  road  on  the  right  fork  of  Camp  Branch  there  is  an  opening  on 
a  coal  bed  nearly  5  feet  thick  (30)  which  has  a  12-inch  clay  parting. 
The  dip  is  strong  to  the  east.  This  coal  is  not  over  100  feet  above  the 
Lee  conglomerate  which  shows  in  the  branch  below  the  forks,  and 
may  possibly  be  the  Tiller  coal. 

Grassy  Creek, — On  Hunts  Creek,  the  main  fork  of  Grassy  Creek, 
there  is  an  opening  by  the  roadside  2  miles  above  Jane,  on  the  road 
to  Grundy,  which  shows  2  feet  10  inches  of  coal  with  a  shale  roof  and 
sandstone  floor.  A  drift  has  been  driven  15  feet  down  the  dip  which 
is  toward  the  southeast.  Half  a  mile  farther  the  same  coal  has  been 
opened  in  two  places  close  together.  These  are  caved  now,  but 
appear  to  have  exposed  between  2  and  3  feet  of  coal.  On  the  south 
of  Hunts  Creek,  one-half  mile  below  the  gap  leading  to  Bull  Creek, 
there  is  a  timbered  opening  on  the  Yellow  Poplar  Company's  land 
driven  south  10  feet  which  shows  4  feet  1  inch  of  coal  with  one-half 
inch  of  clay  5  inches  from  the  top  of  the  bed.  This  opening  is  di- 
rectly across  the  creek  from  a  rocky  ledge  in  the  road.  In  a  sag 
close  to  this  ledge  and  30  feet  above  the  road  this  coal  was  opened 
once,  but  is  now  concealed. 

On  the  branch  which  joins  Hunts  Creek  from  the  east  at  Jane  three 
openings  were  seen.  The  first  of  these  is  about  one-third  mile  above 
Jane,  in  the  hill  on  the  left  of  the  creek  back  of  Tom  L.  Owens's  house. 
It  is  200  feet  above  the  creek  and  is  being  worked  by  a  drift  which 
has  been  driven  north  20  feet.  The  bed  (31)  is  2  feet  11  inches 
thick  and  contains  a  7-inch  clay  parting.  On  the  same  side  of  the 
creek  1^  miles  from  Jane,  on  the  K.  Silas  Stiltner  farm,  there  is  an 
opening  back  of  the  house  and  50  feet  above  the  creek  showing  a  2- 
foot  bed  of  coal  with  two  thin  partings  (32). 

About  1  mile  above  Jane,  on  Xoah  Mullins's  land,  there  is  a  pit  in 
a  hollow  on  the  south  from  which  coal  is  taken  every  winter.  It  has 
been  driven  30  feet  in  a  southwest  direction  and  shows  from  28  to  30 
inches  of  coal  with  shale  roof  and  fire-clay  floor.  On  the  east  of  Abes 
Fork  of  Grassy  Creek,  in  Old  House  Branch,  the  Yellow  Poplar 
Company  made  three  openings  on  a  bed  1,270  feet  above  sea  level. 
At  one  opening  the  bed  is  4  feet  2  inches  thick  with  a  7-inch  clay  band 
near  the  bottom,  and  at  another  it  is  reported  to  be  5  feet  thick  with 
the  same  clay  parting.  An  opening  on  the  left  of  Old  House  Branch 
shows  the  same  bed  over  6  feet  thick  (33)  at  the  face  of  the  drift, 
which  is  1  foot  more  than  at  the  outcrop.  These  openings  are  very 
close  to  the  Pine  Mountain  fault  and  within  a  few  rods  of  the  State 
line. 
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McClure  Creek  headn  against  Sruuly  Rid^  between  Carrie  and 
Fuller  Gap,  and  flown  nt>rtli  and  euKt  to  join  Iluj^stdl  Fork  3  inilesj 
above  the  mouth  of  Pound  Eiver.  The  on'tirrence  of  coal  pni?iiH»ets 
ill  this  basin  will  l>e  described  in  geographic  order  froni  the  head  of 
tlie  creek  to  the  moutlL 

Trammel  Ci^eek. — At  the  head  of  Trammel  Creek  a  drift  driven  SO 
feet  8-  15''  E,  at  the  IxMid  of  the  road  27'i  feet  below  Traniuiel  Criip, 
on  tlie  Brooks  fanii,  nhows  the  Upi^er  Banner  coal  (M)  4  feet  11 
inchest  thick.  The  sandytone  parting  is  21  inches  below  the  roof  and 
m  practicrtlly  the  only  part  of  the  bed  that  is  waste  inateriaL  Tlie 
section  is  the  same  in  the  mine  of  the  Clinchfield  Coat  Corporalion 
at  the  head  of  Lick  Creek  on  the  other  s;de  of  the  ridge*  This  mine, 
loiown  as  Xo,  vi,  is  situated  on  a  tract  of  land  lynig  under  Low  (rap 
and  eventually  it  may  Ije  extenck^d  through  to  tht^  north  side  of  the 
ridge  for  natural  dm  in  age. 

The  Lower  Banner  coal  has  been  opened  in  Trammel  CrMt,  on 
I^ban  PhillipH's  place,  to  get  coal  for  a  steam  engine  iisetl  in  diamond 
drilling.  The  drift  extendi  a  distance  of  SO  feet  S.  20°  E.  and  shows; 
4  feet  of  coal  underlain  by  Z  inches  of  clay  and  4  inches  of  bono.  In 
the  Clinchfield  mine  No,  U  at  Dante  on  the  other  side  of  the  ridge  the 
ftverage  thickness  of  the  Lower  Banner  coal  is  about  34  feet- 

A  pit  opposite  the  schoolhouse  near  the  mouth  of  Trammel  Creek 
shows  the  Widow  Kennedy  coal  7  feet  thick,  but  decreasing  rapidly 
with  depth.  A  diamond-drill  hole  150  feet  away  showed  only  1  foot 
of  coal  at  this  horizon. 

Ilomade, — Back  of  the  post-office  and  store  at  Homade  on  the  head 
of  McClure  Creek  Reuben  Owens  has  faced  up  a  coal  bed,  which  prob- 
ably is  the  Lower  Banner.    The  north- 
41  w  est  dip  makes  the  bed  lower  here  than 

on  the  south  side  of  Sanely  Ridge. 
Nearly  4  feet  of  solid  coal  was  visible, 
but  the  floor  was  hidden  so  that  the 
whole  bed  was  not  measured  (35).  A 
small  coal  seen  in  the  road  farther  up- 
stream, and  100  feet  higher  than  this 
exposure,  is  also  believed  to  be  the 
Lower  Banner.  Blooms  of  two  other 
coals  were  seen  higher  in  the  ridge  at 
250  and  450  feet  below  the  gap.  The 
elevation  of  Flint  Gap  is  approxi- 
mately 2,750  feet,  or  1,000  feet  higher 
than  the  mouth  of  Trammel  Creek.  Trammel  Gap  is  2,533  feet  above 
sea  level. 

The  Widow  Kennedy  coal  w^as  once  opened  in  the  north  hillside  ai 
-Ite  mouth  of  Roaring  Fork  50  ieet  abo\^  water,  but  the  pit  is  cav^fBii 
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and  nothing  was  learned  of  the  character  of  the  bed.  No  openings 
were  seen  between  Roaring  Fork  and  Open  Fork. 

Open  Fork, — The  Grissell  opening  (36)  at  the  head  of  Open 
Fork  and  on  the  opposite  side  of  Sandy  Eidge  from  Big  Laurel 
Branch  of  Lick  Creek  shows  the  Upper  Banner  coal  nearly  7  feet 
thick.  Four  feet  of  this  bed  is  good  available  coal,  leaving  8  inches 
of  fire  clay  and  11  inches  of  coal  in  the  floor,  and  3  inches  of  coal  over 
7  inches  of  shale  in  the  roof. 

The  Milton  Carico  opening  (37)  on  the  Upper  Banner  at  the 
head  of  Middle  Fork  shows  the  bed  divided  by  the  same  partings 
as  at  Grissell's,  but  the  total  thickness  of  the  bed  is  less.  At  the  out- 
crop it  measures  6  feet  3  inches  and  at  the  face  of  the  drift  6  feet  5 
inches.  The  graphic  section  was  measured  by  Mr.  Hardaway  at  the 
face.  An  opening  three-fourths  mile  above  this,  on  the  right  of  the 
stream,  shows  the  Upper  Banner  less  than  5  feet  thick,  but  there  is 
less  waste  in  the  bed. 

An  opening  (38)  on  Coon  Branch  of  Open  Fork  at  Easnick's, 
according  to  Mr.  Hardaway,  shows  the  Upper  Banner  coal  over  9 
feet  thick,  but  containing  a  35-inch  clay  and  shale  bed  41  inches  from 
the  floor.  The  Lower  Banner,  exposed  near  Mr.  Easnick's  house, 
is  6  feet  thick,  but  has  2^  feet  of  fire  clay  in  the  middle  of  the  bed. 
The  Widow  Kennedy  coal  is  reported  from  3  to  5  feet  thick  near  the 
mouth  of  Middle  Fork.  At  Easnick  mill,  on  McClure  Creek  below 
the  mouth  of  Open  Fork,  there  are  three  openings  on  the  Widow 
Kennedy  coal  about  75  feet  above  the  road.  The  bed  is  in  the  midst 
of  heavy  sandstone  and  is  G  feet  thick,  but  is  so  badly  mashed  and 
distorted  as  to  be  of  questionable  value.  Jointing  is  conspicuous  in 
the  roof  sandstone. 

Caney  Creek. — At  the  head  of  Caney  Creek,  close  under  Gibson 
Grap,  the  Upper  Banner  coal  has  been  prospected  by  a  drift  100  feet 
long  at  Alec  Odle's.  The  bed  at  the  outcrop  (39)  is  8  feet  thick 
and  at  the  face  of  the  drift  (39  a)  8  feet  10  inches  thick.  It  con- 
tams  a  number  of  very  thin  partings.  On  Samuel  Horn's  land,  on 
Homspring  Branch,  the  Upper  Banner  carries  the  same  number 
of  thin  partings  and  is  7  feet  5  inches  thick  (40).  At  a  distance 
of  50  feet  this  bed  shows  3  partings  aggregating  nearly  2  feet  in 
thickness  (40  a).  The  Lower  Banner  ( ?)  coal  as  seen  in  the  stream 
bank  at  the  mouth  of  Hornspring  Branch  (41)  is  21  inches  thick. 
These  sections  on  Caney  Creek  were  kindly  furnished  by  Mr.  Harda- 
way. Probably  other  openings  have  been  made  on  this  creek,  for 
coal  is  reported  on  Eock  House  Branch,  but  none  was  seen. 

On  McClure  Creek  1  mile  above  the  mouth  of  Caney  Creek  25 
indies  of  coal  is  exposed  in  an  old  opening  close  to  the  road,  and  at 
Greorge  Dyer's,  one-fourth  mile  above  Caney  Creek,  there  are  two 
openings  on  the  same  bed,  one  of  which  is  caved.    An  entry  driven  40 
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feet  down  the  dip  is  filled  with  water,  and  the  thickness  of  the  bed 
could  not  be  determined,  but  it  appeared  to  be  about  5  feet.  This 
may  be  the  Widow  Kennedy  coal. 

Sguirrelcamp  Branch. — Just  below  the  forks  of  Squirrelcamp 
Branch  on  the  right  of  the  stream,  near  a  house,  and  120  feet  above 
the  water,  there  is  a  15-foot  entry  (42)  on  the  Upper  Banner 
coal.  The  l)ed,  which  dips  S.  35°  E.  at  an  angle  of  G°,  is  6  feet  9 
inches  thick,  including  15  inches  of  shale  near  the  top.  On  the  right 
of  the  left  branch  one-eighth  mile  above  the  forks  the  Upper  Banner 
is  divided  by  the  same  number  of  small  partings  and  one  thick 
one  (43),  while  on  the  left  of  the  branch  (44)  the  bed  is  in  the 
same  condition,  except  that  the  top  bench  of  coal  and  the  thick  part- 
ing are  wanting.  At  the  head  of  Squirrelcamp  Branch  on  the  left 
of  the  stream  and  100  yards  below  a  house  the  Upper  Banner  coal  is 
5  feet  4  inches  thick  (45),  and  one-fourth  mile  below  this  on  the 
Love  Stanley  tract  on  the  right  of  the  creek  and  just  above  the  road 
it  measures  4  feet  8  inches  (46).  It  is  possible  that  prospecting  in 
the  roof  will  show  another  bench  of  coal  here  just  as  at  the  forks. 

On  the  east  of  McClure  Creek  one-half  mile  below  Squirrelcamp 
Branch  at  the  lower  end  of  the  W.  J.  Ring  tract  the  Upper  Banner 
coal  is  over  7  feet  thick,  a  16-inch  bench  of  coal  occurring  in  the  roof 
(47).  On  the  west  of  McClure  Creek,  opposite  the  first  bend  one- 
fourth  mile  below  Squirrelcamp  Branch  (48),  this  bed  is  4  feet  8 
inches  thick.  The  section  includes  only  8  inches  of  coal  above  the 
sandstone  parting.  At  the  head  of  a  hollow  on  the  Ring  tract  there 
are  two  openings,  in  one  of  which  the  Upper  Banner  is  4  feet  10 
inches  and  in  the  other  5  feet  5  inches  thick.  These  sections  resemble 
very  closely  the  measurements  of  the  Upper  Banner  on  Squirrelcamp 
Branch. 

MiU  Creek. — In  the  vicinity  of  Mill  Creek  the  Upper  Banner  coal 
has  been  prospected  extensively  and  several  sections  have  been 
obtained  showing  the  character  of  the  bed  in  detail.  Most  of  the 
measurements  are  by  Mr.  Hardaway. 

On  the  northwest  bank  of  McClure  Creek  three-fourths  mile  up- 
stream from  Mill  Creek  and  200  feet  above  water  level  the  Upper 
Banner  is  5  feet  3  inches  thick  (49),  with  three  thin  partings. 
On  the  opposite  side  of  McClure  Creek,  at  the  bend  1  mile  above 
Mill  Creek,  there  is  another  prospect,  but  the  thickness  of  the  coal 
was  not  learned. 

An  opening  opposite  the  mouth  of  Mill  Creek  100  feet  above  the 
water  (50)  has  been  driven  a  distance  of  30  feet  N.  70°  W.  The 
bed  is  5  feet  7  inches  thick  and  is  divided  by  three  partings  aggregat- 
ing 4  inches.  The  Ix)wer  Banner  should  be  about  75  feet  below,  but 
has  not  been  opened. 
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The  Upper  Banner  coal  on  House  Fork  of  Mill  Creek  is  5  feet  8  to 
10  inches  thick,  having  the  usual  three  thin  partings  found  in  this 
region,  which  aggregate  less  than  6  inches  of  waste.  These  features 
are  shown  by  three  openings,  one  at  the  head  of  the  fork  and  two  on 
the  left  of  the  stream. 

On  Toms  Fork  of  Mill  Creek  the  Upper  Banner  was  measured  by 
the  writer  in  a  15-foot  drift  just  above  Eli  Wright's  place  (51). 
The  coal  is  under  a  40- foot  sandstone,  is  5  feet  4  inches  thick,  and 
shows  a  persistence  of  the  three  thin  partings  in  this  vicinity.  An 
opening  opposite  Wright's  house,  measured  by  Mr.  Hardaway,  dupli- 
cates this  section  within  an  inch  or  two. 

A  prospect  on  Sykes's  land,  one- fourth  mile  below  Low  Gap 
Branch  on  the  east  of  McClure  Creek,  260  feet  above  the  water, 
shows  the  Upper  Banner  6  feet  thick  (52).  This  coal  has  prac- 
tically the  same  section  on  the  Floyd  Viers  tract;  the  appearance  of 
the  bed  is  shown  in  PI.  VII,  A  (p.  92),  from  a  photograph  furnished 
by  Mr.  Hardaway.  Two  pits  near  the  head  of  Low  Gap  Branch  re- 
vealed the  same  bed  5  feet  2  inches  thick.  One  of  these  pits  (53) 
was  driven  60  feet,  and  supplied  coal  to  the  neighborhood.  So  far 
as  learned  there  are  no  coal  openings  on  the  lower  5  miles  of  McClure 
Creek. 

CRANES   NEST   RIVER. 

Extensive  prospecting  at  the  head  of  Cranes  Nest  River  shows 
the  character  and  position  of  the  Upper  Banner  coal  on  Steele  Fork 
and  Trace  Fork.  The  writer  did  not  visit  this  section  and  the 
measurements  are  all  by  Mr.  Hardaway. 

Steele  Fori', — On  the  west  side  of  Steele  Fork  there  are  five  open- 
ings, beginning  one-half  mile  above  the  mouth,  which  show  the 
Upper  Banner  varying  from  1  foot  5  inches  to  2  feet  7  inches  in 
thickness.  It  seems  likely  that  the  bed  is  split  and  only  the  lower 
portion  was  found,  for  in  an  opening  1^  miles  from  the  mouth  of 
the  fork  (54)  the  bed  is  9  feet  4  inches  thick,  but  carries  5  feet  9 
inches  of  shale  and  clay  in  two  partings. 

At  the  head  of  Steele  Fork  the  Upper  Banner  is  exposed  in  three 
openings,  having  a  lower  bench  of  coal  from  15  to  20  inches  thick 
and  an  upper  bench  from  19  to  22  inches  thick  separated  by  1  inch 
of  sandstone.  Three  openings  near  Boatwright's  house,  w^iich  is 
on  the  west  side  of  Steele  Fork  2i  miles  above  the  mouth,  show 
[^uA  practically  the  same  division  and  thickness  of  the  bed,  but  open- 
ings one-half  and  1  mile  below  Boatwright's  show  the  bed  with  in- 
creased thickness  due  to  the  addition  of  several  inches  of  carbona- 
ceous shale  and  D  inches  of  coal  to  the  top  of  the  bed  (56). 

Tfoce  Foil'. — Openings  made  at  short  distances  from  Fuller  Gap 
to  the  mouth  of  Trace  Fork  show  the  character  of  the  Tapper  Banner 
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coiiL  At  the  head  of  the  creek,  when*  tlie  etnil  is  iit  water  level,  the 
iK^d  iH  pi  feet  ^  inches  thick  and  contains  1  inch  of  fire  clay  and  IJ 
inches  of  sandstone*  At  phicen  a  little  farther  downstream  it  mcns- 
nren  3  feet  4  inche,s,  3  feet  9  inches,  and  4  feet^  and  in  eacli  idiice 
hns  1  inch  of  sandstone  12  to  18  inches  from  the  top.  At  John 
Ijt>d|^eV  hnuHe,  wliieli  h  1^  in  lies  above  the  mouth  of  tlie  fork,  the 
Upi^er  Banner  coal  is  35  inches  thick  on  the  right  and  20  iuchos  thick 
o!i  the  east  of  the  creek  (57).  At  Harrison  Adkins's  27  inches  is 
exposed  and  one- fourth  mile  farther  downsti'eam,  on  the  east,  the 
bed  is  5  feet  thick.  In  the  hitter  place  the  increased  tliickness  is 
due  to  the  pre^sence  of  a  21-inch  seam  of  coal  sepanited  froni  the  main 
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bed  by  11  inches  uf  fire  clay  (58).  ^Miether  this  is  a  local  devel- 
opment or  a  case  of  more  thorough  prospecting  is  not  known.  It 
may  be  the  fonner  Iwcause  in  an  opening  reported  to  be  up  the  ht>Uuw 
lielow  the  fan  house  of  the  Cranes  Nest  mine,  on  the  head  of  Trace 
Fork,  a  In^d  measuring  7  f«*ct  1  inch  (5!>)  diminishes  to  about  3 
feet  in  a  drift  300  feet  long  by  the  disappearance  of  the  bottom  lim 
clay  and  coal. 

On  the  IVilson  Adkins  tract,  one-fourtli  mile  Ijelow  the  month  of 
Steele  Fork,  an  opening  on  the  east  of  Cranes  Ne*it  River  reveals  4 
feet  5  inches  of  coal  separated  into  two  benches  l»y  8  inches  of  fire 
clay.  This  is  reported  to  lie  near  the  horizon  of  the  Upper  Banner, 
but  it  does  not  show  the  usual  sandstone  parting. 
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Birchfield  Fork. — So  far  as  learned  there  has  been  but  little  pros- 
pecting on  Birchfield  Fork.  The  only  opening  reported  is  on  Henry 
Plummer's  land  in  a  hollow  on  the  east  of  the  fork  2  miles  above  the 
mouth.  In  this  pit,  according  to  measurements  by  Charles  Adding- 
ton,  the  thickness  of  the  Upper  Banner  varies  from  5  feet  1  inch 
(60)  to  5  feet  10  inches  (60a).  The  increase  in  thickness  is  due 
largely  to  a  band  of  shale  which  swells  from  12  to  22  inches.  In  the 
mine  at  Glamorgan,  which  is  on  the  opposite  side  of  the  ridge  from 
the  head  of  Birchfield  Fork,  the  bed  averages  4  feet  4  inches  thick 
and  contains  two  very  thin  partings,  but  the  writer  did  not  have 
opportunity  to  attempt  a  correlation  with  any  of  the  coals  of  Dicken- 
son County. 

Lick  Fork.—AhoMt  2  miles  above  the  mouth  of  Lick  Fork  and  400 
feet  higher  than  Jim  Robinson's  house  a  prospect  (61)  shows  the 
Clintwood  coal  nearly  13  feet  thick.  In  addition  to  the  remarkable 
thickness,  according  to  Mr.  Hardaway,  this  bed  is  noteworthy  for 
containing  only  7  inches  of  shale  or  other  partings.  Isom  MuUins 
opened  this  coal  at  the  head  of  Lick  Fork  (62)  and  found  the 
bed  nearly  10  feet  thick  with  8  inches  of  partings.  At  the  time  it 
was  visited  in  1906  the  opening  was  partly  caved,  and  only  4  feet  of 
coal  was  visible.  In  a  field  above  this  on  the  east  of  Lick  Fork  the 
bed  is  10  feet  7  inches  thick  with  5  inches  of  shale  in  three  partings 
(68).     The  prevailing  dip  is  northwest. 

Clintwood. — Carload  samples  of  the  Clintwood  coal  have  been 
shipped  from  the  Beverley  opening  (64)  to  test  the  coking  qual- 
ity. This  opening  is  on  Iloneycamp  Branch,  a  small  tributary  of 
Cranes  Xest  River  south  of  Clintwood,  and  the  coal  is  reported  by 
II.  W.  Reitz  to  be  6  feet  9  inches  thick  without  partings.  At  the 
head  of  Keel  Branch  prospects  made  by  Henry  Keel  show  this  bed  to 
be  10  feet  4  inches  thick  (65)  in  the  ojx^ning  at  the  edge  of  the  wckhIs 
and  8  feet  7  inches  thick  (()6)  at  the  field  opening.  An  entry  has  l)een 
driven  100  feet,  but  the  roof  is  weak  and  requires  heavy  timbering. 

The  John  Lane  opening,  on  Holly  Creek  one-half  mile  west  of 
Clintwood,  has  an  entry  about  250  feet  long,  and  shows  4  feet  6  inches 
of  coal  at  the  face.  A  combination  of  the  upper  part  of  the  bed  as 
seen  at  Lane's  and  the  lower  ])art  as  shown  at  Vanover's,  on  the  oppo- 
site side  of  the  creek,  according  to  Mr.  Hardaway,  gives  a  total 
thickness  (67)  of  10  feet.  It  does  not  pay  to  remove  the  20-inch  fire 
clay  to  get  the  lower  benches  of  coal.  The  same  bed  at  the  Joe  Glenn 
opening,  near  by,  is  reported  to  be  ()  feet  thick  with  a  4-inch  parting 
18  inches  above  the  floor.  Two  entries  on  the  (^lintwood  coal  just 
south  of  the  vilhige  and  150  feet  above  Holly  Creek  are  caved,  and 
the  sections  were  not  obtained.  The  bed  is  said  to  be  of  the  same 
thickness  as  at  the  Lane  opening. 
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A  considerabk  part  of  the  cotil  used  at  Clintwood  for  domestic 
purpose.^  is  supplied  by  a  small  mine  at  the  head  of  Long  Branch 
ownwl  by  R.  E,  Chiise  and  J.  K.  Dftiuron.  The  opening  h  on  the 
Chntwood  coal,  which  U  abtive  the  (ikdeville  sandstone,  and  at  this 
ix>int  about  1,960  feet  above  tide.  An  entry  has  been  driven  over  150 
feet  on  a  bed  reported  tu  be  G  feet  3  inches  thick  (68),     Only  the 
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Fto.  21. — ClJntwood  coal  on  branchci  of  Cranes  NeBt  River* 

tipper  lH?nch  is  minimi.  This  is  4  feet  4  incht^s  of  ^>lid  coal.  A  sam- 
ple of  this  coil}  was  taken  by  C.  W,  Dodge  for  analysis,  and  the  result 
is  given  in  the  table  on  page  119. 

The  Upper  Banner  coal  ban  l>een  opened  at  a  nnrnter  of  points  be- 
tween  Honoycamp  Branch  and  the  mouth  of  Cranes  Nest  River.  On 
the  south  of  Ciaiieii  Nest,  one-fourth  mile  above  Keel  Branchy  on 
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on  the  north  of  Cranes  Nest  above  Levi  Bartley's  house,  which  is 
above  the  mouth  of  Bartley  Branch,  is  said  to  show  the  Upper  Banner 
coal  4  feet  6  inches  thick  (76),  and  an  opening  on  the  Cochran 
property,  one-half  mile  above  the  last,  shows  4  feet  5  inches  (77). 

Delaney^a  mill. — ^The  Upper  Banner  coal  has  been  prospected  at  a 
number  of  points  near  Delaney's  mill  on  Cranes  Nest  River  below 
Dwale.  One  of  these,  in  a  small  watercourse  close  beside  the  trail 
which  leaves  the  river  about  one- fourth  mile  above  the  mill,  is  under  a 
sandstone  ledge  and  has  over  4  feet  of  coal  (78)  wuth  only  a  thin 
sandy  parting.  Another  is  180  feet  above  the  river  at  C.  G.  RakesV, 
the  next  house  below  Delaney's.  This  bed,  as  measured  by  the  writer, 
is  4  feet  9  inches  thick  and  has  8  inches  of  waste  (79).  Openings 
on  Sugarcamp  Branch  opposite  the  mill  and  in  the  hill  on  the  left  of 
the  river  opposite  Delaney's  house  have  caved,  but  are  reported  to 
have  shown  the  Upper  Banner  coal  4  feet  thick  with  the  usual  thin 
sandstone  parting  and  two  or  three  one-foui*th-inch  shale  bands.  It  is 
said  to  be  4  feet  1  inch  thick  on  Honey  Branch  above  J.  F.  New- 
berry's, and  5  feet  3  inches  (80)  at  the  head  of  Tarpon  Branch 
one-half  mile  below  Low  Gap.  At  this  point,  according  to  Mr.  Ilarda- 
way,  there  is  an  extra  parting  of  2  inches  of  fire  clay  27  inches  above 
the  floor.  No  prospects  were  heard  of  below  Tarpon  Branch  on 
Cranes  Nest  River. 

The  above  notes  show"  an  average  thickness  of  4  feet  for  the  Upper 
Banner  coal  on  Cranes  Nest  River  below  Clintwood.  It  is  a  good 
mining  proposition,  because  the  coal  is  high  grade  and  the  amount 
of  waste  in  partings  is  small.  The  bed  is  100  to  300  feet  above  the 
river  and  has  a  gentle  dip  to  the  northwest. 

PCniNI)   RIVKK. 

Pound  River  heads  at  Black  Mountain  and  flows  northeast  25  miles 
to  join  Russell  Fork.  Its  course  is  parallel  with  Pine  Mountain,  but 
its  length  is  greatly  increased  by  loops  and  l)ends.  Prospects  for  coal 
are  more  numerous  on  Indian  Creek,  Bowlecamp  Creek,  and  Georges 
Fork  than  elsewhere  on  Pound  River  or  its  tributaries. 

South  Fork. — Reuben  Bowling  has  taken  coal  from  the  bank  of 
South  Fork  about  1\  miles  below^  the  source  or  ()ne-foui*th  mile  above 
the  road  to  Flat  Gap.  The  bed  (81)  is  over  4  feet  thick,  but  con- 
tains a  10-inch  clay  parting.  Two  drifts  have  been  driven  25  feet 
S.  30°  E.  This  bed  is  said  to  have  been  opened  at  one  or  two  other 
places  in  the  vicinity.  Good  coal  is  reported  on  C.  F.  Robinet's  land, 
in  the  hollow  below  the  road  forks  leading  to  Flat  Gap,  and  an  18- 
inch  coal  is  exposed  in  the  road  near  the  forks.  On  (i.  \V.  Hilton's 
land,  at  the  mouth  of  Fox  Gap  Hollow,  there  is  28  inches  of  coal  in 
a  pit  dug  in  the  hillside  across  the  road  from  his  house.     Coal  blooms 
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were  .seen  near  BonrJ  Mill  iind  it  is  reported  that  '2  feet  of  coal  hm 
been  found  on  John  Stednian's  land  and  was  oni-e  .stripped  below  the 
inilldani. 

Farther  down  South  Fork  a  ^-foot  bed  of  coal  shows  in  the  road,^ 
and  ill  the  ereek  bhiil'  t-lcise  imder  the  nmd  at  the  upper  end  of  Thurs- 
ton  Banner^s  land  there  are  two  coal  beds  10  or  15  feet  apart,     Tha 
lowTF  one  is  almo«^t  at  water  level  and  shows  23  inches  of  coal,  and^ 
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Fin.   23,^— Coals  on  I'onnd  Ulver  nnd  U»  l)ranchi*a. 

the  upper  one   (82)   is  2  feet  3  inches  thick.     Opposite  Tlinrstc 
Banner's  house  there  k  a  prospect  which,  lie  reports,  dinck^ed  L'SI 
inches  of  coal*    The  coals  from  Bond  Mill  to  Banner's  rest  on  a  masi 
sive  sandstone  and  probably  are  the  same  bed. 

At  the  mouth  of  Glady  Fork  a  small  pit  dog  by  J,  P.  Quails  shoi? 
H  feet  of  coaL  the  upper  part  ^)ft  and  the  lower  part  hard,  Thid 
bed  shows  2  feet  9  inches  of  t^oal  in  the  river  bank  a  short  distance 
below  the  mouth  of  Glady  Fork. 
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Several  coal  blooms  are  exposed  in  the  road  along  the  lower  part 
of  South  Fork,  but  the  only  pits  noted  are  on  the  land  of  Milburn 
Gilliam,  above  the  road  on  the  east  of  South  Fork,  about  one- fourth 
mile  from  its  mouth.  Two  old  entries,  one  of  which  is  said  to  be  150 
feet  long,  are  badly  caved,  and  a  third  was  opened  in  the  autumn  of 
1906  to  supply  fuel  for  a  locomotive  operating  on  a  lumber  tramroad. 
The  bed  (83)  is  4  feet  4  inches  thick  but  contains  a  clay  parting 
1  foot  thick.     It  has  a  fossiliferous  shale  roof. 

North  Fork. — ^Very  little  coal  was  seen  on  North  Fork,  and  the 
chances  of  there  being  any  worth  much  attention  on  the  right  or 
mountain  side  of  the  stream  are  small.  It  is  reported  that  W.  A. 
Bowling  has  a  pit  at  Flat  Gap  on  a  4- foot  bed  and  that  there  is  a  20- 
inch  bed  at  George  Adams's,  4  miles  below  Flat  Gap.  At  Henry 
Short's,  1  mile  above  Meadow  Branch,  there  is  said  to  be  a  2- foot  bed 
of  coal  in  the  watercourse  below  the  house,  and  a  4- foot  bed  is  reported 
in  the  head  of  the  hollow  but  it  is  not  now  exposed.  In  the  hollow 
just  below  Meadow  Branch  and  back  of  Josh  Mullins's  house  a  12-inch 
and  an  18-inch  bed  of  coal  are  exposed  in  the  shale  bed  of  the  branch. 
One  is  30  feet  above  the  other. 

The  only  coal  pit  seen  on  North  Fork  is  in  the  south  bank  opposite 
the  Pound  Gap  road,  or  less  than  one- fourth  mile  above  the  forks. 
It  is  merely  a  small  drain  under  a  sandstone  ledge  where  E.  M.  Sow- 
ards  has  dug  a  few  tons  of  coal.  The  bed  is  3  feet  3  inches  thick 
(84)  and  the  lower  2  feet  is  block  coal.  It  is  about  125  feet  above  the 
creek. 

Coal  blooms  were  seen  in  two  or  three  places  on  the  road  from 
Poimd  to  Pound  Gap  and  a  1-foot  coal  is  exposed  on  top  of  the  Lee 
conglomerate  about  500  feet  below  the  gap. 

Indian  Creek. — Near  the  head  of  Indian  Creek  the  bloom  of  a 
coal  apparently  about  2  feet  thick  is  exposed  in  the  road  in  two  or 
three  places.  The  bed  dips  downstream.  There  is  also  on  the  upper 
end  of  the  creek  and  100  feet  above  it  an  old  entry  now  partly  filled 
with  water  in  which  3^  feet  of  coal  (85)  can  be  seen.  The  whole 
thickness  of  the  bed  was  not  learned.  It  dips  S.  80°  W.  at  an  angle 
of  4®.  Farther  down  the  creek,  2  miles  above  the  mouth,  Mr.  Hard- 
away  reports  a  bed  at  water  level  and  gives  a  measurement  of  4  feet 
6  inches  (86),  with  the  note  that  there  is  said  to  be  2  feet  of  coal 
below  the  visible  portion  of  the  bed.  This  is  at  J.  H.  Blair's,  where 
a  pit  25  feet  above  the  creek  is  reported  to  have  shown  a  5-foot  bed 
(87)  containing  an  8-inch  parting.  There  is  evidence  of  slight  local 
folding  of  the  rocks  along  this  part  of  the  creek. 

An  opening  just  above  the  Craft  house,  on  the  Chase  tract,  is  said 
to  have  been  driven  150  feet  on  a  coal  bed,  the  upper  bench  of  which 
is  2  feet  9  inches  thick.  There  is  a  coal  bloom  in  the  road  above 
40858— BuU.  348—08 8 
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the  Tidewater  Liinil3er  Company  dam,  and  at  the  mouth  of  Indian 
Creek  ii  KViiich  }yed  of  eoal  shows  beside  the  road  200  feet  fron^H 
Pound  Riven  ^B 

Bowlecamp  Creek. — At  the  head  of  the  main  fork,  known  as  Dotson 
Fork  or  Baker  Ford,  a  8-foot  bod  of  coal  is  reported  below  Alec 
Power's  (88),  and  one-eighth  mile  farther  downstream  and  at  the 
same  elevation  this  bed  is  3  feet  5  inches-  On  the  George  L.  Baker 
place,  in  the  sanit?  locality,  an  opening  has  been  made  on  a  l>ed  of  coal 
over  10  feet  thick  (81>)  which  has  a  close  resemblance  to  the  Clini 
wood  coal  at  the  Lane  and  Keel  openings  (PL  VIII,  A).  It  is  on  to] 
of  the  Gladeville  sandstone  and  150  feet  above  a  coal  w^hieh  shows 
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FiG.  24. — CliBtwood  eont  on  Bowle<:&mp  Cirek  and  (Jcorges  Fort* 

a  smgU  bloom  in  the  road.     One  hundred  and  seventy  feet  a1 
Jim  Baker's  house  (90)  the  same  bed  has  thinner  shale  partings  am 
is  8  feet  6  inches  thick, 

A  4-foot  coal  (91)  has  been  exposed  on  the  John  Boggs  pla 
on  MiUlins  Fork  of  Bowlecamp  Creek,  and  the  same  bed  is  report 
on  the  main  fork  below  Bud  Hamilton's.  In  the  Ijed  nf  McFall* 
P'ork,  at  an  elevation  of  800  feet  above  Pound  River,  there  is  a  coal 
bed  (92)  reported  to  be  6  feet  fi  inclies  thick.  Kear  the  head  of 
Hamilton  Fork*  abuiit  DO  feet  atx)ve  the  creek  in  a  pit  Imck  i>f  Grant 
Meade's  house,  overlying  a  massive  sandstone  believed  to  be 
Gladeville,  is  the  Clintwood  coal  bed,  from  4  feet  8  inches  to  5 
thick  i^Z),  A  4-foot  10-inch  bed  is  reported  300  feet  hig-her 
tij^n^bove^e  Meade  opening  on  the  land  of  Ira  Mulliiis, 
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a  bloom  which  may  be  this  coal  shows  in  the  road  about  70  feet  below 
Georges  Gap.  At  the  head  of  Mill  Creek,  in  a  pasture  one-fourth 
mile  back  from  J.  E.  Alley's  house,  about  4  feet  of  coal  is  exposed  in 
a  surface  pit.  This  bed  lies  on  top  of  a  conspicuous  massive  sand- 
stone seen  along  the  road  below  Alley's  house  and  is  probably  the 
Clintwood  coal.  On  the  trail  from  the  head  of  Mill  Creek  to  the 
mouth  of  Bear  Branch  a  1-foot  coal  outcrops  200  feet  above  Pound 
River,  and  a  similar  bed  occurs  in  a  hollow  back  of  Filmore  Eding- 
ton's  on  the  west  bank  of  Pound  River  between  Bear  and  Whiteoak 
branches. 

Georges  Fork, — The  Clintwood  coal,  described  as  10  feet  thick  on 
Lick  Fork  of  Cranes  Nest  River,  has  been  prospected  at  a  number 
of  points  at  the  head  of  Georges  Fork  and  found  to  be  over  8  feet 
thick  under  a  considerable  acreage.  On  the  east  of  the  creek,  one- 
half  mile  below  Georges  Gap,  on  property  of  the  Cranes  Nest  Coal 
and  Coke  Company,  4  feet  of  coal  is  exposed  at  the  Hibbett  prospect. 
The  pit  is  partly  caved  and  filled  with  water,  however,  so  that  the 
whole  bed  could  not  be  seen.  The  thickness,  according  to  Mr.  Hard- 
away,  is  13  feet  1  inch  (94),  of  which  only  20  inches  is  shale  or  fire 
clay  (PL  VIII,  -ff ) .  Three- fourths  of  a  mile  below  this,  on  the  left  of 
Georges  Fork,  is  the  Baumgardner  opening,  in  which  the  Clintwood 
coal  is  9  feet  8  inches  thick  (95).  An  entry  has  been  driven  about  25 
feet. 

Two  miles  below  the  head  of  Georges  Fork,  in  a  hollow  on  the  west 
side  of  the  creek,  an  opening  (96)  on  Samuel  Elkin's  land  shows  the 
Clintwood  coal  nearly  6  feet  thick,  and  another  prospect  on  the  left  of 
the  creek  belonging  to  Manuel  MuUins  (97)  is  reported  over  11  feet 
thick  with  an  aggregate  of  14  inches  of  waste  in  5  partings. 

On  Georges  Fork,  1  mile  above  its  mouth,  in  the  rear  of  James  C. 
Willis's  house,  there  is  a  coal  bed  reported  to  be  2  feet  7  inches  thick, 
with  a  1-inch  shale  band  near  the  bottom.  The  dip  is  strong  down- 
stream, and  what  is  believed  to  be  the  same  bed  has  been  dug  into  by 
John  Trivitt  at  water  level  one-fourth  mile  up  the  branch  whose 
mouth  is  at  Freeling.  Two  entries  have  been  driven  20  feet  on  the 
coal,  which  is  4  feet  (98)  at  this  point. 

Dwale. — Along  the  ridge  road  from  Clintwood  to  the  mouth  of 
Cranes  Nest  River,  coal  blooms  are  exposed  at  a  number  of  places. 
Two  miles  north  of  Clintwood,  at  a  place  where  Campbell  Willis  is 
quarrying  building  and  curbstone  from  the  Glade ville  sandstone,  the 
bloom  of  a  coal  on  top  of  the  Gladeville  can  be  seen,  and  the  same 
bed,  which  is  probably  the  Clintwood  coal,  should  be  found  near  the 
spring  at  the  schoolhouse  near  Wood's  store.  Small  coal  blooms  are 
common  in  the  road  at  Dwale,  and  in  a  spring  beside  the  road  30  feet 
below  Nickels  Gap,  on  J.  H.  Art  rip's  land,  there  is  a  lO-inch  bed  (99) 
containing  a  3-inch  clay  parting. 
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Coal  has  been  stripped  from  the  bed  of  a  small  hollow  on  the  land 
of  W.  J.  Flemings,  1  mile  northeast  of  Clintwood,  but  the  thickness 
of  the  bed  is  not  known.  Two  feet  of  coal  could  be  seen  above  the 
water.  This  coal  is  immediately  above  the  Gladeville  sandstone,  as 
is  also  a  bloom  seen  2^  miles  northeast  of  Clintwood  at  Buddy  Neal's 
and  at  Isom  Flemings's,  just  over  the  divide,  on  the  head  of  a  branch 
which  flows  into  Pound  River.  Isom  Flemings  has  taken  coal  from 
the  spring  opposite  his  house,  but  has  not  uncovered  the  bed  enough 
to  determine  its  thickness. 

Near  the  ford  at  W.  R.  Stone's,  below  Nickels  Gap  on  Poimd  River, 
there  is  a  13-inch  coal  bed  in  the  south  bank  close  to  water  level,  from 
which  a  small  amount  of  coal  has  been  taken. 

.  East  of  Dwale  and  Nickels  Gap  there  is  a  strong  coal  bloom  in  the 
road  above  Jim  Scyphers's,  which  is  said  to  mark  the  location  of  a 
4-foot  bed.  In  the  ravine  below  Scypher's  house  a  small  pit  in  the 
woods  (100)  discloses  a  5- foot  2-inch  bed  of  coal  which  seems  to 
be  near  the  base  of  the  Gladeville  sandstone.  The  small  coal  last 
mentioned  is  in  the  bank  of  Pound  River,  just  above  the  mouth  of 
this  ravine. 

Cane  Branch. — ^Along  the  road  from  Draten  Musick's  store  to 
Mount  Olive  Church  there  are  a  number  of  small  coal  blooms,  and  at 
water  level  on  Cane  Branch,  200  feet  below  the  point  where  the  road 
crosses  the  creek,  W.  M.  Davis  has  drifted  20  feet  under  a  sandstone 
ledge  on  a  bed  of  clean  coal  2  feet  4  inches  thick  (101).  The  dip 
is  northwest  at  this  point. 

Pine  Mountain. — On  the  eastern  flank  of  Pine  Mountain  and  down 
to  Pound  River  there  are  no  important  coal  beds,  for  the  reason  that 
the  greater  part  of  the  slope  is  composed  of  the  Lee  conglomerate. 
It  is  said  that  coal  has  been  foimd  at  a  number  of  points  but  not  in 
abundance.  The  only  exposure  seen  by  the  writer  is  a  20-inch  bed 
about  GO  feet  below  the  top  of  the  Lee  conglomerate  a  few  yards 
above  where  the  road  crosses  Skeet  Rock  Branch.  The  beds  here  dip 
southeast  at  an  angle  of  25°. 

EAST    SIDE    OF    SANDY    RmCE. 

There  are  three  localities  south  of  the  area  described  in  which 
active  mining  operations  have  been  in  progress  for  several  years. 
These  are  Glamorgan,  Toms  Creek,  and  Dante.  The  coal  mined  at 
(ihunorgan  by  the  Stone  Gap  Colliery  Company  has  an  average 
thickness  of  4  feet  4  inches,  with  only  2  inches  of  partings  (102). 
It  is  known  locally  as  the  Glamorgan  bed  and  has  not  yet  been  cor- 
related with  the  coals  on  the  north  side  of  Sandy  Ridge. 

The  Upper  Banner  coal  is  said  to  average  over  8  feet  thick  in  some 
of  the  mines  on  Toms  Creek  (103),  but  carries  from  6  to  18  inches 
of  fire  clay  and  coal  streaks  a  little  below  the  middle.     At  Dante 
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(IM)  it  h  fairly  free  from  partings  and  averages  about  5  feet*  The 
Lower  Banner  coal  at  Dante  (105^  105  a^  105  b)  has  a  thickne^  of 
al)ont  ^  feet  and  varies  considerably  in  short  distances.  In  mine 
No,  1  at  Dante  the  Widow  Kennedy  coal  has  an  average  thiekne!^^  of 
T  feet  and  in  mine  No*  4  on  the  opposite  side  of  the  creek  scarcely  4 
feet.    It  varies  from  IG  inclics  to  12  feet  in  tliickness  in  mine  No»  1. 


I 
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Glamorgan 


.QoQt,: 
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Toms  Cr^k, 

Upper  BaoDer 


104 

Danb& 

Upper  Banner 


Shalt? 


iFlreclAvand 
1  co3l€*-18" 


10& 

Dftnte 
Lower  Bannet- 


Bonycoal 


^Oiy 


Dante, Lower  Banner 


105a 


iS 


In" 


um 


Dante,Widow  Kennedy 


106a 


Fire  cky^'^^g  gP 
Fm,  1*5.— CiimIs  on  eftst  side  of  Sandy  Hldgte. 


Ajiythirig  over  3  feet  of  clean  coal  is  considered  worth  mining  ( UyC^ 
lUOa).  The  coals  at  Dante  have  l>een  descril>ed  by  the  writer  in  a 
previous  report/' 


ANALYSES   OF  COAI^. 

The  following  23  coal  analyses  are  taken  from  private  reports  made 
by  mining  engineers  and  others  to  their  clients  and  kindly  furnished 
t^  tlie  writer.  They  show  the  chemical  character  of  the  principal 
coals  in  the  basin  of  Russell  Fork  in  Virginia.  The  metliotl  of 
sampling  is  not  stated*  It  is  pre^iimied  that  much  of  the  moisture 
was  lost  by  esposjl^  to  the  air  previous  to  analyzing, 

•Stwie,  II,   W.,   CoaJ  Mining  at  Dante.  Va, :   BiilJ,   D.  a  OeoL   Surrey  No,  nifl,    lf»OT, 
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Analyses  of  bituminous  coals  in  Dickenson  County,  Va, 
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2.77 
2,76 
1.4« 

1,65 


a  Analyst.  A.  S.  McOreath;  sampled  by  James  T.  Gardiner. 

*  Analysts,  Wuth  and  Stafford. 

"  Analyst,  Otto  Wuth;  sampled  by  E.  H.  Stelnman. 

<<  Analyst,  C.  C.  Tutwiler;  sampled  by  Jansen  Haines. 

The  above  table  contains  analyses  of  three  samples  taken  at  Bucu 
which  are  supposed  to  be  from  the  Widow  Kennedy  bed.  The  hori- 
zon of  the  bed  at  Bucu  suggests  this  correlation,  and  the  high  per- 
centage of  ash  in  the  analyses  indicates  that  the  bed  at  that  place 
has  suffered  disturbance  and  is  not  an  attractive  mining  proposition. 
Three  analyses  are  included  from  the  Dawson  mines  at  Dante.  Daw- 
son is  the  former  name  of  the  mines  now  operated  by  the  Clinchfield 
Coal  Corporation,  and  these  analyses  are  probably  made  of  samples 
taken  from  the  same  openings  as  those  furnishing  the  coals  whose 
analyses  are  given  in  the  second  table  below.  Dante  is  just  over  the 
county  line  on  the  south  side  of  Sandy  Ridge,  and  these  analyses 
should  represent  the  character  of  the  beds  in  the  adjoining  portion  of 
Dickenson  County. 

An  average  of  these  23  analyses  gives  a  composite  of  the  several 
minabl(»  coals  in  Dickenson  County,  showing  29  per  cent  volatile 
matter,  02  per  cent  fixed  carbon,  less  than  1  per  cent  moisture,  be- 
tween 4  and  0  per  cent  ash,  0.831  per  cent  sulphur,  and  0.015  per  cent 
phosphorus.  This  average  composition  of  the  set^eral  beds  of  good 
coal  is  equivalent  to  that  of  the  Pittsburg  coking  coal. 

The  averages  of  11  analyses  of  Clintwood,  3  of  Tiller,  and  4  of 
Upper  Banner  coal  are  as  follows: 
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Average  analyses  of  three  coals. 


Constituent. 

Cllntwood. 

Tiller. 

Upper 
Banner. 

Moigture 

0.92 

32.20 

61.70 

4.56 

.865 

.012 

0.536 
26.36 
67.28 
6.40 
.632 
.022 

1  03 

Volatile  matter 

31  32 

Fixed  carbon 

Ash 

61.02 

6.40 

.708 

Solphur... _ 

Pbospborus 

""■" 

Fuel  ratio _ _ 

1.91 

2.55 

1  93 

The  following  table  shows  the  results  of  analyses  made  at  the 
United  States  Geological  Survey's  fuel-testing  plant  at  St.  Louis 
from  samples  taken  during  the  prosecution  of  this  work.  The  Clint- 
wood  coal  was  sampled  by  C.  W.  Dodge  and  the  other  three  by  the 
writer.  Each  sample  was  cut  in  the  mine  from  a  clean  face  of  coal, 
including  all  binders  or  partings  under  one-fourth  inch  in  thickness. 
It  was  crushed,  quartered,  and  sealed  air-tight  in  a  can  in  the  mine. 
By  this  method  the  moisture  is  retained  until  the  sample  is  opened  for 
analysis. 

Analyses  of  Virginia  coals. 

[F.  M.  Stanton,  analyst.] 


Name  and  location  of  coal  bed. 

Cllntwood. 
Olintwood. 

Upper 
Banner, 
Dante. 

Lower 
Banner, 
Dante. 

Widow 

Kennedy, 

Dante. 

Lraboratory  number 

3827 

3942 

2.36 
32.40 
57.92 

7.32 
.66 

4067 

£947 

Sample  as  received: 

Moisture 

Volatile  matter -.. 

2.21 
30.13 
63.68 

3.98 
.87 

2.79 
32.11 
59.30 

5.80 
.84 

1.90 
31.54 

Fixed  carbon 

60.87 

Ash ..__ 

Sulphur. - - 

5.69 
1.47 

^  1  _4A        1                                             {Calories 

6.569 

Oaloriflc  value _ m.  t.  u  " 

1.80 

11.824 

liOas  of  moisture  on  air  drying 

1.20 

1.30 

.80 

Alr-drled  sample: 

Moisture — 

Volatile  matter.  .    . 

1.02 
30.50 
64.45 

4.03 
.89 

1.07 
32.83 
58.68 

7.42 
.67 

1.01 
32.70 
60.39 

5.90 
.85 

1.11 
31.79 

Fixed  carbon , 

61.36 

ABh _ 

Stdphur.    .  _ 

6.74 
1.48 

Fuel  ratio 

2.11 

1.79 

1.85 

1.93 

The  sample  of  the  Clintwood  coal  was  taken  at  the  Chase  &  Dam- 
ron  mine  near  Clintwood  and  represents  4  feet  4  inches  of  a  6-foot 
3-inch  bed.  It  was  cut  at  the  face  of  the  main  entry,  100  feet  from  the 
outcrop.  The  sample  of  Upper  Banner  coal  was  taken  in  mine  No.  3 
of  the  Clinchfield  Coal  Corporation  at  Dante.  It  was  cut  from  a 
clean  face  in  butt  entry  No.  6  off  the  main  gangway,  where  the  bed  is 
5  feet  thick.  In  mine  No.  2  at  Dante,  at  a  point  where  the  Lower 
Banner  bed  is  nearly  4  feet  thick,  room  4  off  the  left  entry,  a  sample 
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was  taken  of  the  8  feet  8  inches  of  ooal  whidi  is  mined.  The  Widow 
Kennedy  bed  was  sampled  in  mine  No.  4,  in  the  second  cross  heading, 
800  yards  from  the  entrance.  A  point  was  chosen  where  the  coal  is 
in  its  best  condition  and  8  feet  9  inches  thick.  It  was  solid  and  dean, 
rather  than  rolled,  mashed,  and  dirty,  as  at  many  points  in  this  mine. 

The  above  analyses  show  that  these  coals  are  high-grade  bitu- 
minous, comparatively  low  in  ash,  and  have  only  a  small  percentage 
of  sulphur. 

In  the  following  table  are  given  average  analyses  of  some  well- 
known  eastern  bituminous  coals,  including  the  Elkhorn  coals  of  the 
adjacent  field  in  Kentucky  and  the  averages  of  three  of  the  best  coals 
in  Dickenson  County. 

Average  analyaea  of  eastern  Wuf/iinous  coals  and  of  Busaell  Fork  basin  coals. 


BCofstare. 


Volatne     Fixed 
matter.    carix>n. 


Ash. 


Sulphor. 


ratio. 


Pocabontafl  (average  of  S8)  • 

New  River  (Qainnemont)' (average  of 

17)  »- . 

Tiller  (average  of  8) 

PlttBtrarg  (OonneUsviUe)  coking  (av- 
erage of  20)« 

Upper  Banner  (average  of  4) 

Cllntwood  (average  of  11) 

Lower  Elkhorn  (average  of  22)  ' 

Upper  Elkhorn  (average  of  19)  * 

Olineh  Valley  gas  eoal  • 

Westmoreland  gas  ooal  • 

Pennsylvania  gas  coal  * 


0.78 
.60 


1.180 
1.08 
.02 
1.425 
1.688 
1.180 
1.427 
1.280 


17.48 

10.03 
26.80 

29.812 

81.82 

82.20 

82.106 

84.983 

87.896 

87.621 

88.106 


77.71 

76.20 
67.28 

60.420 

61.02 

61.70 

56.485 

66.867 

66.782 

64.921 

64.888 


4.68 

4.27 
6.40 

7.949 
6.40 
4.66 

7.469 
4.^9 
6.602 
6.418 
6.440 


0.62 
.67 


.796 
.886 
.674 
.687 
.619 
.718 
.7W 


8.77 
2.66 

2.68 
1.96 
1.91 
1.91 
1.67 
1.81 
1.4S 
1.48 


•  White,  I.  C,  Qeol.  Survey  West  Virginia,  vol.  2,  pp.  695,  606,  700.       • 
•Ibid,  p.  670. 

«  H.  C.  Prtek  Coke  Company. 

tf  Manufacturers'  Record,  vol.  46,  No.  23,  1004,  Supplement. 

•  McCreath  and  d'lnvllliers,  Mineral  resources  of  upper  Cumberland  Valley,  1888»  p.  145. 

The  sequence  in  this  table  is  in  accordance  with  the  fuel  ratio  and 
shows  the  superiority  of  the  coals  in  this  field. 


COKE. 

The  coals  of  this  field  duplicate  in  physical  properties  and  chemicals, 
composition  the  coals  on  Toms  Creek,  Wise  County,  which  make  goo(5^fr 
coke,  and  it  is  believed  that  most  of  them  will  be  found  to  be  goo^^ 
coking  coals. 

Car  samples  of  the  Clintwood  coal,  taken  from  the  Beverl^s 
opening  on  Honeycamp  Branch  and  shipped  to  Chattanooga  acs^/ 
Connellsville,  made  coke  of  the  following  character: 

Analyses  of  Dickenson  County  coke. 


Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Phos- 
phorua. 

0.047 
.035 

Analysts. 

72-hour 

0.4.'> 
.031 

90.163 

91.224 

90.91 

92.03 

92.30 

92.76 

8.575 

7.095 

8.34 

7.22 

0.30 

4.373 

0.775 
.736 
.75 
.75 
.69 
.841 

Wuth  and  Stafford. 

48-hoiir_. 

Do. 

72-hour-        -    _ 

Shomberver  Steel  Oo. 
Do. 

48-hour 

1.50 
1      1.03 

.032 
.026 

Do. 

* 

P.  D.  Langdon. 

SUMMARY.  121 

To  compare  these  results  with  analyses  of  Pocahontas  and  Con- 
nellsville  cokes  reference  should  be  made  to  page  120  of  this  bulletin, 

CORRELATION. 

In  view  of  the  accuracy  of  the  correlation  work  being  carried  on  in* 
the  Appalachian  coal  field  by  David  White,  of  the  United  States  Geo- 
logical Survey,  by  means  of  paleobotanic  and  stratigraphic  evidence, 
the  writer  is  not  justified  in  attempting,  on  purely  stratigraphic  evi- 
dence, to  correlate  the  coals  of  Dickenson  County  with  those  of  the 
Elkhom  field  on  the  other  side  of  the  Pine  Mountain  fault  in  Ken- 
tucky. It  may  be  remarked,  however,  that  the  species  of  fossil  plants 
from  the  Lower  Elkhorn  coal  on  Marrowbone  Creek  in  the  Elkhorn 
field  bear  a  close  resemblance  to  the  plants  from  the  Banner  group  of 
coals  at  Dorchester,  near  Norton,  Va. 

SUMMARY. 

From  the  foregoing  descriptions  it  will  be  seen  that  the  area  dis- 
cussed contains  a  considerable  amount  of  high-grade  bituminous  coal 
which  is  not  yet  being  mined.  On  Indian  Creek,  at  the  head  of  Kus- 
sell  Fork,  the  Tiller  coal  bed  has  a  thickness  of  8  feet  or  more  over 
an  area  sufficiently  large  to  be  worthy  of  consideration.  Between 
Clintwood  and  Pound  the  Clintwood  coal  has  been  prospected  at  a 
number  of  points  and  foimd  to  be  8  to  10  feet  thick.  Throughout  the 
McClure  Creek  basin  the  Upper  Banner  bed  can  be  depended  on  to 
maintain  an  average  thickness  of  4  feet.  Besides  these  there  are  other 
coal  beds  of  minor  thickness  and  unknown  extent  which  will  ulti- 
mately be  of  some  value. 

The  coal  in  some  and  possibly  in  all  of  the  beds  of  workable  thick- 
ness will  make  excellent  coke.  Until  railroads  are  built  into  this 
region,  which  is  difficult  of  access  on  account  of  mountain  barriers, 
the  field  will  constitute  a  notable  reserve  of  Virginia's  coal  resources. 
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description  of 82, 111 

faults  on 90 

V  ie  w  o  f 90 

Powell  Creek,  coal  on 34. 35,38-39 

coal  on.  sections  of,  figures  showing 40, 

52,54,60 

columnar  section  on,  figure  showing 38 

Powell  Mountain,  rocks  of 22 

Prator,  coal  at 99 

R. 

Railroads,  access  by 14,79,84 

Rash  coal.    See  Coal,  laminated. 

Regina ,  eoal  near 42 

coal  near,  analysis  of 72 

section  of,  figure  showing 40 

Righthand  Fork,  coal  on 42 

Road  Creek,  coal  on 33,34,43-45 

coal  on.  analysis  of 72 

section  of,  figure  showing 54 

columnar  section  on,  figure  showing 38 

Roads,  description  of 13-14,83-84 

Roaring  Fork,  coal  on 102-108 

Rock  House  Branch,  coal  on lOJ 

Rock  House  Creek. coal  on 36-37, 52,SJ,» 

coal  on,  section  of,  figure  showing 40 
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ECONOMIC  GEOLOGY  OF  THE  KENOVA  QUADRANGLE, 
KENTUCKY,  OHIO,  AND  WEST  VIRGINIA. 


By  William  Clifton  Phalen. 


rNTRODITCTION. 

Importance  of  the  area. — The  Kenova  quadrangle  is  of  interest  on 
account  of  its  valuable  deposits  of  coal  and  fire  clay.  Of  less  value 
are  its  iron  ores,  limestones,  and  building  stones.  It  forms  part  of  a 
much  larger  area  in  which  during  the  last  three  or  four  decades  there 
has  been  much  activity  in  the  mining  of  coal  and  in  the  mining  and 
smelting  of  iron  ores.  The  latter  industry  has  been  discontinued,  but 
coal  is  still  being  mined.  The  clay  industry  in  this  region  is  small  at 
present,  but  should  have  an  important  future  on  account  of  the  amount 
of  available  raw  material.    (See  PI.  I,  in  pocket.) 

Location  and  area. — ^The  Kenova  quadrangle  includes  parts  of 
Kentucky,  Ohio,  and  West  Virginia,  the  name  Kenova  being  coined 
by  combining  abbreviations  of  these  State  names.  Its  exact  position 
is  shown  on  the  accompanying  key  map  (PL  II).  Far  the  greater 
part  of  its  938  square  miles  is  within  Kentucky,  including  the  w^hole 
of  Boyd  County,  the  larger  part  of  Lawrence,  and  parts  of  Carter, 
Greenup,  and  Elliott  counties,  Ky.  A  small  part  of  Wayne  County, 
W.  Va.,  and  the  south  end  of  Lawrence  County,  Ohio,  make  up  the 
remainder.  The  quadrangle  takes  its  name  from  a  small  town, 
Kenova,  lying  at  the  confluence  of  Big  Sandy  and  Ohio  rivers. 

The  portions  of  Kentucky  and  Ohio  in  this  locality  are  sometimes 
known  as  the  "  Hanging  Rock  "  region,  from  an  outcrop  of  massive 
sandstone  at  Hanging  Rock  on  Ohio  River,  a  few^  miles  below  the 
city  of  Ashland. 

From  a  geographic  as  well  as  a  physiographic  point  of  view,  this 
area  is  a  part  of  the  western  Appalachian  Plateau  province.  It  lies 
along  the  western  edge  and  just  north  of  the  center  of  the  great  coal 
field  comprised  within  this  province,  which  extends  from  north- 
central  Alabama  to  the  southern  boundary  of  New  York. 

Previous  field  work. — This  area  w^as  studied  by  the  geologists  of 
the  Kentucky  Geological  Survey  during  the  latter  half  of  the  past 
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century.  Most  of  the  work  on  the  coals  and  general  geology  in  this 
particular  area  was  done  by  Prof.  A.  R.  Crandall.  Mr.  P.  N.  Moore 
examined  more  particularly  the  geology,  distribution,  and  technology 
of  the  iron  ores.  Dr.  I.  C.  White,  director  of  the  West  Virginia 
Geological  Survey,  has  measured  sections  in  that  part  of  the  quad- 
rangle which  lies  in  Wayne  County,  W.  Va.,  and  the  State  Survey 
of  Ohio  has  worked  on  the  Ohio  portion. 

In  addition  to  the  work  of  these  men  special  areas  have  been  ex- 
amined for  private  parties  by  geologists  and  mining  engineers. 

Literature, — ^The  publications  containing  the  most  information 
on  this  area  are  the  following: 

Crandall,  A.  R.,  and  Moore,  P.  N.,  Report  on  the  eastern  coal  field:  GeoL 
Survey  Kentucky,  vol.  C,  1884,  77  pp. 

The  chapter  on  coals  in  this  publication  is  also  contained  in  Geol.  Survey 
Kentucky,  vol.  2,  pt.  1,  new  ser.,  1877,  pp.  1-77;  the  discussion  relating  to 
the  iron  ores  of  Greenup,  Boyd,  and  Carter  counties,  or  the  Kentucky  division 
of  the  Hanging  Rock  iron  district,  is  found  in  the  same  reiwrt,  pt.  3,  vol.  1, 
1876,  pp.  5^136. 

Shaler,  N.  S.,  and  Crandall,  A.  R.,  Report  on  the  timber  growth  of  Greenup, 
Carter,  Boyd,  and  Lawrence  counties:  Kentucky  Geol.  Survey,  new  ser.,  vol 
1,  pt.  1,  1876,  pp.  1-58. 

Survey  of  Big  Sandy  River,  West  Virginia  and  Kentucky,  including  Levisa 
and  Tug  Forks;  House  Doc.  No.  326,  56th  Cong.,  1st  sess.,  1900,  62  pp. 

Hoeing,  J.  B.,  Oil  and  gas :  Kentucky  Geol.  Survey,  Bull.  No.  1,  1905,  233  pp. 

White,  I.  C,  Coal  reiwrt :  West  Virginia  Geol.  Survey,  vol.  2,  1903,  725  pp. 

Stevenson,  J.  J.,  Lower  Carboniferous  of  the  Appalachian  Basin :  Bull.  Geol. 
Soc.  America,  vol.  14,  1903,  pp.  36  et  se(i.,  SO  et  seti. 

Stevenson,  J.  J.,  Carboniferous  of  the  Appalachian  Basin :  Bull.  Geol.  Soc. 
America,  vol.  15,  1904,  pp.  92-114. 

Ohio  (ieol.  Survey,  vol.  3,  p.  1 :  vols.  5  and  7. 

The  reader  will  also  get  much  information  from  the  four  vol- 
umes of  reports  of  the  first  Kentucky  Geologfical  Survey,  made  by 
Dr.  David  Dale  Owen  in  the  years  1854  to  18()0,  inclusive.  These 
early  reports  are  somewhat  discursive,  and  the  information  can  most 
easily  be  found  by  reference  to  the  indexes  under  the  names  of  the 
various  counties. 

Present  feld  work, — The  field  work  on  which  this  paper  is  based 
was  done  by  W.  C.  Phalen  in  1905,  from  the  last  of  May  to  the  first 
of  November.  George  H.  Ashloy  spent  about  two  months  in  the 
field,  visiting  with  the  writer  most  of  the  critical  areas  and  doing 
some  independent  mapping.  David  AMiite  also  visited  the  field  and 
spent  somewhat  less  time  making  numerous  careful  and  complete 
collections,  which  have  furnished  in  part  the  basis  for  the  separa- 
tion of  the  formations  chosen  in  geologic  mapping.  Numerous  ref- 
erences to  the  work  of  Doctors  Ashley  and  AVhite  will  be  found 
scattered  through  the  text,  and  an  exin^ession  of  thanks  is  herewith 
extended  to  these  geologists  for  courtesies  both  in  the  office  and  in 
the  field. 
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BELIEF  AND  DRAINAGE.  11 

TOPOGRAPHY. 

Relief, — ^The  part  of  the  Appalachian  Plateau  included  in  this 
region  has  been  greatly  dissected,  until  there  is  now  scarcely  any  level 
land  withm  the  quadrangle,  except  the  flood  plains  of  the  larger 
streams,  like  Ohio,  Big  Sandy,  and  Little  Sandy  rivers.  This 
extensive  erosion  has  resulted  in  sharp  ridges,  in  many  cases  barely 
wide  enough  for  wagon  roads,  and  rather  narrow  valleys  with  small 
flood  plains  reaching  well  up  to  their  heads.  From  the  tops  of  the 
highest  hills  the  remnants  of  the  Appalachian  Plateau  may  still  be 
recognized  in  the  even  sky  line  (PI.  Ill,  ^1).  In  a  general  way  this 
ancient  surface,  or  rather  what  remains  of  it,  is  highest  at  the  south 
edge  of  the  area,  where  the  highest  knobs  reach  an  elevation  of  1,200 
feet.  It  slopes  gradually  northwest,  and  in  the  divide  between  the 
waters  of  Tygarts  Creek  and  Little  Sandy  River  only  a  few  of  the 
knobs  rise  above  1,000  feet.  The  lowest  points  in  the  area  are  those 
farthest  downstream  on  Ohio  and  Little  Sandy  rivers  and  on  Tygarts 
Creek.  The  flood  plain  of  the  Ohio  ranges  from  about  530  feet  above 
sea  level  where  it  leaves  the  quadrangle  to  about  560  feet  where  it 
enters  it  from  the  east.  The  flood  plain  of  Big  Sandy  has  an  eleva- 
tion of  about  597  feet  at  the  south  edge  of  the  quadrangle  and  550 
feet  at  the  mouth  of  the  stream,  showing  a  gradient  of  about  1.1  feet 
per  mile.  This  is  slightly  less  than  the  gradient  of  Little  Sandy.  On 
Big  Sandy  the  flood  plain,  though  it  may  in  places  reach  a  mile  in 
width,  averages  between  one-half  and  three-quarters  of  a  mile.  The 
plain  of  Little  Sandy  from  Grayson  to  Argillite  has  a  greater  average 
width,  but  in  the  upper  portion  of  the  river  flood  plains  are  wanting, 
the  stream  flowing  through  a  gorge  formed  in  the  Sharon  conglom- 
erate. 

The  badly  dissected  character  of  the  region  has  an  important  bear- 
ing on  the  exploitation  of  the  natural  resources.  The  railroads  were 
confined  during  the  early  part  of  their  history  to  the  main  river 
valleys  and  had  to  leave  untouched  for  some  time  the  more  remote 
workable  coal  and  clay  beds;  on  the  other  hand,  the  flood  plains, 
which  are  almost  everywhere  developed  along  the  streams,  are  favor- 
able to  the  construction  of  spur  tracks  that  will  materially  lessen  the 
haulage  from  mine  breast  to  tipple. 

Points  of  equal  elevation  are  represented  on  the  map  by  contour 
lines  in  buff,  which  are  really  the  intersections  of  hypothetical  plains 
with  the  surface  of  the  country.  These  contour  lines  are  placed  100 
feet  apart  and,  when  carefully  studied,  enable  the  mind  to  grasp 
fairly  well  the  general  "  lay  of  the  land." 

Drainage. — The  drainage  of  this  quadrangle  is  either  directly  or 
indirectly  into  Ohio  River,  which  crosses  its  northeastern  corner. 
The  chief  tributaries  of  Ohio  River  are  Big  and  Little  Sandy  rivers 
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and  Twelvepole  and  Tygarts  creeks,  the  last  named  fiowing  across 

the  extreino  northwestern  corner.  Twelvepole  Creek,  entering  froni^H 
the  Hinitinglon  quadrangle  on  the  cast,  flows  about  10  miles  in  9i^| 
circuitous  course  iu  West  Virginia  and  empties  into  Ohio  River  at 
Kellogg,  Practically  all  the  smaller  streams  flow  into  Big  and  Little 
Sandy  rivers.  Of  these  streams  Big  Blaine,  a  tributary  of  Big 
Sandy  with  an  estimated  length  of  about  70  miles  almost  wholly  in- 
cluded within  this  quadrangle,  and  East  Fork  of  Little  Sandy  are 
the  most  important.  The  Big  Sandy,  which  in  conjunction  with 
Ohio  River  is  the  nuun  drainage  course  of  the  area,  is  formed  by  the 
confluence  at  Louisa  of  Levisa  and  Tug  forks.  After  fiowing  north- 
ward for  27  miles,  it  empties  into  Ohio  River  at  Catlettsburg.  Levisa 
Fork  is  often  called  Big  Sandy. 

Roads  mid  farming. — Though  from  the  farmer's  point  of  view  this^ 
area  is  rough,  it  is  completely  intersected  by  fairly  good  c*ountry  roads^  ^ 
the  eonstruction  of  wliich  is  facilitated  by  the  fairly  soft  eharacter^fl 
of  the  rocks.     The  roads  of  Boyd  County  are  notably  well  kept.  ^fl 

Notwithstanding  the  comptirutively  rugged  character  of  the  coun- 
try j  it  is  under  general  cultivation*  Tlie  flood  plains  of  the  streams, 
which  are  subject  to  periodical  overflow,  are  on  this  account  very 
fertile.  Along  the  valleys  of  the  larger  streams  some  wheat  is  grown, 
but  corn  is  the  principal  crop.  In  Carter  County  many  of  the  hill 
sides  are  given  to  the  cultivation  of  tobacco.  These  crops,  with  the 
usual  garden  truck,  constitute  the  principal  products  of  the  soil, 
The  timber  resources  of  this  area  are  of  little  or  no  importance. 
Most  of  the  big  timlier  was  removed  during  the  days  of  the  old 
charcoal  iron  furnaces,  whifli  flourished  during  the  seventies  and 
early  eighties. 

Ii(niroafh,~Most  of  the  railroads  are  confined  to  the  larger  stream 
valleys.  The  uuiin  line  of  the  Chesapeake  an<l  Oliio  Railway  enters 
the  area  from  Huntington,  W.  Va.,  and  crosses  Big  Sandy  River  at 
Hampton,  keeping  along  the  south  bank  of  Ohio  River.  The  Big 
Sandy  division  of  this  line,  fonnerly  known  as  the  Chatteroi  Rail 
road,  follows  the  west  bank  of  Big  Sandy  River.  During  the  sum- 
mer of  1905  the  old  wooden  railroad  bridges  were  being  replaced  by 
substantial  stone  culverts,  curves  were  being  straightened,  and  gen 
eral  improvements  w^ere  under  way  in  [)repa  ration  for  an  expt»cted 
increase  in  the  freight  traffic  fi^om  the  Elkliorn  and  other  coal  areajs 
near  the  headwaters  of  Levisa  Fork.  Thi*  Louisville  and  Lexington 
division  of  this  railroad  crosses  the  area  diagonally  from  northeast^ 
to  southwest,  leaving  the  main  line  at  Ashland.  The  coal  mined  at 
Straight  Creek,  Uranlj  litiah,  Princct^fij,  and  AVinslow  is  carried  by 
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this  line  or  by  the  Ashkml  Coal  and  Iran  Railway,  which  is  ihnX 
portion  of  it  between  Rush  and  Ashland,  Thii  Norfolk  iind  Western 
Railway  has  recently  bnilt  a  line  down  the  eastern  bank  of  Bij^  Sandy 
connect ing  with  its  Twelvepole  division  and  t*ros?^iiig  Ohio  River  at 
Kenova.  The  new  line  is  so  nmcli  t^nperior  to  the  fdd  in  grade  and 
general  character  that  mncli  of  the  coal  from  the  heatlwaters  of  Tng 
Fork  it?  now  hauled  over  the  new  diviBioo.  The  Baltimore  and  Ohio 
Railroad  ban  a  terminus  at  Kenova*  The  Eastern  Kentncky  Rail- 
way,  a  short  line  constrncted  several  years  ago,  has  its  southern 
terminus  at  Webhville,  Lawrence  County,  and  its  northern  ternunus 
at  Hiverton*  Greenup  County,  where  it  joins  the  Chesapeake  and 
Ohio  Railway.  It  carries  staves,  ties,  etc,  from  the  Blaine  country 
and  c(jal  from  its  mines  at  Partloe,  Boghead,  and  Hunnewell,  as  well 

as  clav  from  the  mines  at  Willard, 

*' 

Lock-^  and  dams.-^Big  Sandy  River  has  been  under  improvement 
by  the  United  States  Government  since  1878.  Tlie  plan  uf  improve* 
nient  adopted  by  Congress  in  March,  1SJ>9,  contemplates  carrying 
slack  water  as  far  as  Pikeville  on  Levisa  Fork,  and  to  the  month  of 
Pond  Creek  on  Tug  Fork  by  the  const  ruction  of  ti2  locks  and  dams. 
Within  the  limits  of  the  Kenova  quadrangle  there  hav*e  been  built 
already  three  locks  on  Big  Sandy  below  Louisa,  one  on  Tug  Fork  at 
Salti)eter,  and  one  on  Levisa  Fork  at  Cliapnian.  By  the  aid  of  the 
dams  the  river  will  be  navigable  the  whole  year,  instead  of  only 
about  eight  months,  and  the  prest*nt  connnerce,  chiefly  in  saw  Itigs, 
cross-ties,  j^taves,  etc.,  will  lye  largely  augmented  as  a  result  of  the 
cheaper  water  transportation.  The  development  of  the  thinner  coals 
wilhin  the  Kenova  area  and  in  larger  measure  the  thicker  buds  near 
the  headwatei*s  of  the  river  will  be  aided.  The  navigable  season  of 
the  smaller  sti^anis  is  so  short  that  it  will  pixibably  not  aid  materially 
in  Ihe  development  of  the  mineral  wealth  of  this  area.  These  streams 
are  used  chiefly  in  transporting  logs  ami  ties. 

OKKKHAI.  GEOXOtn'  OF  SUEFACK  TlOCKt^. 
STRATIGRAPHY. 

INTRODUCTORY    STATTMENT. 

All  the  Tocksi  appearing  at  the  snrface  within  the  limits  of  this 
quadrangle,  with  but  a  single  exception,  are  of  sedimentary  origin 
and  were  laid  down  in  or  by  water.  They  consist  of  sandstoties, 
shales,  limestones,  coal  beds,  and  iron-ore  deposits,  and  Inive  u  tt>tal 
tlucknesB  of  l>etween  1,100  and  1,200  feet.  All  of  these  sedimentary 
rot*ks  belong  to  the  Carlx^nifennis  system,  twcept  the  imperfectly  con- 
solidated gravels  of  the  river  terraces,  which  are  of  Pleistocene  age, 
and  the  alluvium  of  the  flood  plains.  The  snbdivision  of  the  Car- 
boniferous in  the  northwest  portion  of  the  Appalachian  coal  field. 
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which  was  proposed  by  Henry  D,  Rogers  in  the  reports  of  the  First 
Geological  Survey  of  Pennsylvania,^  has  been  accepted  and  followei^^ 
at  least  in  its  main  features  by  all  the  geologists  who  have  ^ubs^H 
quently  worked  in  the  territory  to  which  this  subdivision  applies. 
The  coal-bearing  rocks  have  been  followed  from  Pennsj^lvania  into 
Ohio^  and  then  southward  in  Ohio  to  Jackson  County,  and  from  this 
county  into  Scioto  and  Gallia  counties,  and  through  them  into  and 
across  Lawrence  County  to  Ohio  River.     Thus  the  stratigraphy  of 
the  *'  C^al  Measures  "  of  western  Pennsylvania  is  brought  into  the 
northeastern  corner  of  the  Kcnova  quadrangle.    The  Carboniferous 
system,  us  developed  in  this  quadrangle,  consists  of  parts  of  the  Feni^^ 
sylvania  and  Mississippiun  series.     The  former  contains  the  workabl^l 
coals  of  this  area.    The  rocks  wnll  be  described  in  descending  order, 
beginning  with  the  youngest. 

SKDI M  EJ*  TAR Y   R(  iCKB, 
QUATEBXABT   BY^TES. 

Recent  depf^^if^. — The  alluvium  of  the  streams  of  this  area  is  ti 
youngest  bedded  deposit  and  has  considerable  commercial  importanc 
It  makes  up  the  flood  plains  of  both  the  large  and  the  small  streamd 
extending  w^ell  up  to  their  heads.    The  larger  streams,  like  Ohio,  Bi^ 
Sandy  and  Little  Sandy  rivers,  have  deposits  of  this  material  fully 
50  feet  thick.    Along  Ohio  River  the  width  of  this  flood-plain  deposit 
ranges  from  three-fourths  of  a  mile  to  a  mile,  but  on  Big  Sandy  and 
Little  Sandy  rivers  these  deposits  are  not  quite  so  wide,    The  material 
is  being  constantly  cut  ont  and  redeposited  by  variations  in   the 
currents  at  each  jieriod  of  high  water.    The  mode  of  utilization 
these  flood-plain  deposits  will  be  indicated  in  c(mnection  with   tl 
description  of  the  clays  (p.  120). 

PleiMorej}e  deposits, — None  of  this  region  lies  within  the  glacial 
boundary,  but  thei^  are  deposits  within  the  area  Avhich  are  cou=_ 
sidered  of  Pleistocene  age.  Just  back  of  the  city  of  Ashland  is  \ 
district  known  as  the  Flatwoods,  where  the  hills  are  flat  and 
not  rise  to  an  altitude  of  over  TOO  feet.  These  flat  lands  are  covered 
with  depositij  of  sand^  gravel,  quarts,  and  chert  bowlder.^,  some  of 
which  are  12  inches  in  diameter.  These  represent  residual  material 
from  the  remains  of  older  crystalliJie  rocks  of  the  Blue  Ridge  to  thi* 
east.  This  deposit  may  be  traced  fairly'  distinctly  up  Big  Sandy 
River  to  the  south  of  Louisa,  maintaining  its  general  elevation  of 
about  150  feet  above  the  present  flood  plain  of  the  stream.  The^^ 
gravel  deposits  may,  and  do  in  places,  repi*esent  the  valleys  of  streai^H 
whicli  long  ago  ceased  to  flow  through  them.  TI^a  iir™*f  nf  ti^^f^n 
statement  lies  in   the   rounded   character  of  tl 
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certain  topographic  features  usually  associated  with  streams.  Among 
the  more  conspicuous  features  of  the  remnants  of  these  old,  high-level 
valleys  are  their  well-graded  walls  and  the  maturity  indicated  by 
their  flat-bottomed  floors.  This  floor  in  the  Flatwoods  area  is  nearly 
a  mile  wide.  The  old  drainage  channel  represented  by  the  Flatwoods 
is  regarded  by  W.  G.  Tight*  as  a  continuation  of  the  preglacial 
Teays  River. 

Similar  deposits  have  been  found  on  the  Little  Sandy  at  elevations 
closely  approximating  those  of  the  Big  Sandy,  and  though  the  corre- 
lation of  the  two  deposits  has  not  been  attempted,  it  is  probable  that 
the  benches  and  their  associated  gravels  on  Little  Sandy,  when  traced 
up  Ohio  River,  will  merge  into  those  on  Big  Sandy.  Silt  associated 
with  quartz  pebbles  has  been  discovered  at  lower  elevations  on  Little 
Sandy,  indicating  a  quiescent  condition  of  the  water  with  periods 
of  deposition  while  these  ancient  streams  were  probably  subsiding. 
Since  these  deposits,  as  developed  in  the  Kenova  quadrangle,  have  no 
economic  significance,  they  will  not  be  considered  further. 

CABBONIFEBOVS  SYSTEM. 

PENN8YLVANIAN    SERIES. 

Monongahela  formation, — The  Monongahela  in  Pennsylvania  was 
first  termed  the  "  Upper  Productive  Measures,"  since  it  marks  an 
epoch  in  which  several  workable  beds  of  coal  were  deposited.  The 
base  of  the  formation  is  marked  by  the  Pittsburg  coal.  In  accordance 
with  Dr.  I.  C.  WTiite's  correlation,  the  coal  at  the  top  of  the  hills  east 
of  Lett,  near  the  mouth  of  Gragston  Creek,  West  Virginia,  is  accepted 
for  the  time  being  as  the  Pittsburg  coal  and  as  marking  the  base  of 
the  Monongahela  formation.^  The  area  underlain  by  the  coal  does 
not  exceed  a  few  acres,  and  the  formation  is  represented  bj^  100  feet 
of  shales  with  a  massive  sandstone  at  its  base.  No  important  coals 
are  found  in  it  except  the  Pittsburg  bed. 

Conemaugh  formation, — The  Conemaugh  includes  the  rocks  lying 
below  the  Pittsburg  coal  and  above  the  Upper  Freeport  coal.  What 
is  regarded  as  the  Upper  Freeport  coal  with  its  overlying  massive 
Mahoning  sandstone  is  well  exposed  below  Louisa  in  the  vicinity  of 
Zelda,  and  on  Blaine  Creek  near  Fallsburg.  Above  the  sandstone 
which  forms  the  roof  of  the  Upper  Freeport  coal,  and  which  varies 
in  thickness  from  20  to  30  or  more  feet,  the  rocks  are  in  marked  con- 
trast with  the  rocks  below,  both  in  character  and  in  the  number  and 
importance  of  the  coal  beds.''    The  massive  sandstone  is  probably  the 

•  Prof.  Paper  IJ.  S.  Geol.  Survey  No.  13,  1903.  For  a  very  complete  description  of 
Teays  River  to  the  east  of  this  area  see  M.  R.  Campbell.  Description  of  Huntington 
quadrangle;  Geologic  Atlas  U.  S.,  folio  69,  U.  S.  Geol.  Survey,  1900,  pp.  2-3. 

►West  Virginia  Geol.  Survey,  vol.  2,  1903,  pp.  191-192.  See  also  pp.  16-17  of  this 
bulletin. 

•  Kentucky  Geol.  Survey,  vol.  C,  1884,  p.  60.. 
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same  as  that  which  overlies  the  Waterloo,  Bayleys  Run,  No.  7,  or 
Upper  Freeport  coal  of  the  Ohio  geologists,  and  which  makes  such  a 
striking  appearance  along  the  banks  of  Big  Sandy  River  near  its 
mouth.  The  coal  at  its  base  in  Lawrence  County,  Ohio,  is  regarded 
by  the  geologists  of  that  State  as  higher  than  the  Hatcher  or  No.  8 
coal  of  the  Kentucky  reports.** 

The  position  of  the  coal  under  consideration,  which  north  of 
Louisa  is  immediately  below  a  massive  sandstone,  the  Mahoning  of 
Owen,  is  strong  evidence  that  it  corresponds  more  probably  with  the 
coal  above  the  Hatcher  bed.  Crandall,  however,  in  his  report  on  the 
geology  of  Greenup,  Carter,  and  Boyd  counties,  explicitly  states  that 
coal  No.  8  of  the  Kentucky  survey  is  the  first  coal  below  the  Mahon- 
ing sandstone  of  Owen,  and  follows  the  statement  with  the  words 
that  this  coal  is  commonly  known  as  the  Hatcher  seam.*  In  another 
place  ^  he  states  that  above  the  shales  containing  coals  Nos.  7  and  8 
occurs  a  coarse  ferruginous  sandstone,  the  Mahoning  of  Owen  and 
Lesquereux.  In  this  sandstone  and  its  overlying  rocks  are  found 
coals  Nos.  9, 10, 11,  12,  etc.  However,  J.  J.  Stevenson,  in  his  descrip- 
tion of  the  Allegheny  formation  in  Kentucky,**  interprets  Crandall's 
generalized  section  of  Greenup,  Boyd,  and  Carter  counties  as  placing 
coal  bed  No.  9  below  the  Mahoning  sandstone. 

In  view  of  the  evidence  outlined  above,  the  coal  which  has  been 
opened  below  the  massive  sandstone  exposed  near  Zelda  and  Falls- 
burg  is  regarded  as  the  Upper  Freeport  and  as  the  first  bed  above  the 
Hatclier  coal  or  Xo.  8  of  the  Kentucky  reports.  Normally,  therefore, 
it  would  be  No.  9  of  the  Kentucky  series,  and  instead  of  coming 
within  the  Mahoning  sandstone  would  occur  just  below  it,  as  in 
Pennsylvania. 

The  minimum  thickness  of  the  Conemaugh  formation  is  between 
oOO  and  400  feet.  It  is  almost  entirely  exposed  only  in  a  small  area 
near  the  center  of  the  basin  in  the  hills  east  of  Lett,  W.  Va.  This 
may  be  due  to  a  j)ossible  local  thinning  of  the  formation,  for  at  other 
points  near  the  center  of  the  basin,  west  of  Big  Sandy  River,  where 
the  hills  rise  as  high,  nothing  is  apparently  known  of  the  existence 
of  the  Pittsburg  coal.  If  the  thickness  of  the  Conemaugh  formation, 
800  to  400  feet,  obtained  under  the  assumption  that  the  coal  in  the 
hilltops  near  the  mouth  of  (iragston  Creek,  West  Virginia,  is  the 
Pittsburg  l)ed,  is  compai^d  with  the  thickness  of  that  formation  at 
Charleston  and  Huntington  given  by  I.  C.  White,  some  question  may 
be  raised  as  to  the  correctness  of  the  identification  of  the  Pittsburg 
bed.    White  makes  the  Conemaugh  800  feet  thick  at  Charleston  and 


"  Sci'  section  by  K.   McMillan.  Oliio  (Jool.   Survey,  vol.   r>,   1.H84,  p.   122. 

''Konliuky  (leol.  Survey,  vol.  ('.   1HS4.  p.  '^4. 

'•  Idem.   pp.   I>,    H). 

•*  Bull.  (Jeol.  Soc.  America,  vol.  17.  190«,  p.  128. 
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MO  feet  at  Huntington.  However,  the  cont^ctness  of  hU  identifica- 
tion of  the  Upper  Freeport  coal  iit  Charleston  has  been  questioned, 
both  Bjivid  While  and  J.  J.  Stevenson  placing  the  Upper  Freeport 
well  above  the  black  flint,  thus  reducing  the  thickness  of  the  Cone- 
inan^h  formation  to  a  little  over  (»00  feet,  (7.  11,  Ashley  has  tieen 
inclined  to  reduce  it  to  530  feet  or  less.  The  section  of  the  Cone- 
maiTgh  formation  obtained  by  the  Ohio  geologists  in  Lawrence 
Countv,  Ohio,  is  only  :J20  feet  thick,  suggesting  a  westward  thinning 
uf  the  formation,  wiiich  is  in  full  accordance  with  the  westward 
thinning  known  to  take  place  in  going  from  Pennsylvania  across  the 
panhandle  of  West  Virginia  into  Oliio,  If  the  coal  in  the  Kenova 
qiiadrangle  is  the  Pittsbui^  bed,  the  thickness  of  the  Conemangh  is 
much  lass  than  it  is  to  the  northeast  at  Huntington  and  slightly  less 
than  the  Ohio  geologists  make  it. 

The  rocks  uf  the  Conennuigli  are  mainly  red  or  greenish  shales, 
with  beds  of  limestone  and  iron  ore  and  in  some  localities  important 
beds  of  sandstone*  The  fact  that  it  contains  no  workable  beds  of 
coaU  together  with  the  sharply  dehnetl  character  of  its  rocks  as  con- 
trasted with  those  of  the  formations  above  and  l>elow^  serve  in  part 
as  a  basis  for  making  it  a  s*?parate  formation*  The  mcml)ers  of  the 
formation  in  this  area  are  generally  irregidar  in  their  development* 
and  ai\?  on  this  account  potn'  guides  in  unraveling  the  stratigraphy. 
The  basal  nieml>er.  however,  which  is  the  Mahoning  sandstone,  is  very 
persistent  and  hence  a  valuable  guide  in  tracing  this  formation. 
{See  PL  III,  5.)  Above  tliis  sandstone  at  variable  intervals  occurs 
a  rather  jiersistent  limestone,  one  of  the  Cambridge  limestones,  which 
is  usually  capjied  by  a  cHtf-making  siiiidstone.  These  two  massive 
sandstone  raeml>ers  occurring  near  the  base  of  the  Conemangh  serve 
to  clearly  demark  it  in  most  localities  from  the  underlying  rocks,  tlie 
more  so  liecanse  the  snccee<ling  higlicr  rocks  aiti  usually  red  shale. 
In  some  parts  of  the  quadrangle,  notably  near  the  mouth  of  Big 
Sandy  River,  the  basal  sandstone  is  nmisually  thick  and  massive,  at- 
taining  near  Kenova  a  thickness  of  TO  feet,  and  is  continuous,  with 
but  a  few  irregtdar  intercalations  of  shale,  east  to  Ceredo,  south  of 
which  it  liecomes  even  more  massive  and  attains  a  thickness  of  100 
feet,  Ai>ove  this  sandstone  there  is  usually  a  small  coal,  whicli  may 
iHi  the  Brush  Creek  coal  of  Pennsylvania,  This  is  an  unimpoi-tarCt 
l>ed,  though  it  has  been  worked  in  the  hills  opposite  Louisa,  It  will 
probably  not  be  of  any  great  commercial  importance  in  the  near 
future.  The  Cambridge  limestone  overlying  the  Brush  Ci^ek  coal  is 
a  ver^^  persistent  meml>er  and  is  a  most  valuable  guide  in  tracing  the 
rocks  ol  the  Conemangh.  lit  many  places  it  consists  of  tw**  nieml>ei's, 
an  up|>er  and  a  lower^  as  shown  by  the  section  obtained  near  the  bed 
of  WTiites  Oreek,  about  1  mile  west  of  Potomac  (p,  131). 
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Ill  the  western  part  of  the  quadrangle,  near  Willanl,  this  limestone 
usually  CH'curs  as  a  single  layer.     At  Willard  it  is  found  near  tlie  hill- 
tups  180  feet  al)ovt^  coal  No,  7,  but  the  interval  aljove  this  coal  m  m 
iiome  places  slightly  less  than  that*    This  limestone  has  a  very  char- 
acteristic appearance,  and,  owing  to  the  fact  that  it  is  highly  siliceous, 
it  withstands  weathering,  and  can  usually  be  found  at  its  proper  hori-^j 
zon.    Almost  directly  above  it  occurs  a  small  bed  of  coal,  locally  work-^H 
able.    Overlying  this  coal  at  a  varying  interval  is  a  massive  sandstoneJ^I 
The  distance  between  the  base  of  this  sandstone  and  the  lim«»stone      i 
ranges  from  10  to  40  feet,  but  averages  about  35  feet.    This  aind«^| 
stone  is  rarely  more  than  25  to  30  feet  thick,  but  is  usually  niassive^^ 
and  coarse  grained*  and  makes  prominent  outcrops*     Capping  this 
sandstone  is  a  mass  of  red  shale,  near  the  base  of  which  occurs  a  small 
bed  of  coal.     The  remainder  of  the  Conemangh  is  prevailingly  red, 
and  for  the  most  part  the  rocks  are  shales  or  shaly  sandstones  with  a 
few  bands  of  massive  sandstone,     (See  PL  III,  B,)     The  formatioo 
contains  practically  no  workable  coaL  ^d 

AUeifheny  formatiotu — The  Allegheny  formation  underlies  thfi^^ 
Omemaugh  and  is  about  180  feet  thick  in  the  northern  part  of  the 
quadrangle,  but  in  places  it  varies  considerably  from  this  thicloiess,  \ 
in  the  southern  part  of  the  area,  where  the  thickening  of  the  Flome^ 
wood  sandstone  seems  to  have  interfered  witii  the  normal  develoj] 
ment  of  the  Allegheny.  The  top  of  this  formation  is  the  top  of  the'" 
Zelda  coal,  which  is  believed  to  correspond  to  the  first  bed  above  the^^ 
true  Hatcher  coal  of  Ohio,  and  henee  to  be  the  Upper  Freeport  coa^H 
of  Ohio  and  normally  No.  9  of  the  Kentucky  series.  The  base  of  th^^ 
formation  is  demarked  from  tlie  tuiderlying  rocks  both  on  paleonto-^ 
logic  and  lithologic  grounds.  It  is  the  base  of  coal  No,  5  of  the  Ken^l 
tucky  series,  which  according  to  Stevenson  *»  corresponds  to  the  BrtMik- 
ville  coal  of  Pennsylvania.  This  coal  lies  practically  at  the  top  of  a 
massive  sandstone  in  the  Kenova  qtuidrangle,  which  is  regarded  as  th^ 
equivalent  of  the  Home  wood  sandstone  at  the  top  of  the  next  lowe 
(Pottsville)  formation.  In  the  western  part  of  the  quadrangle 
though  all  the  more  constant  members  of  the  Allegheny  are  present, 
the  formation  seems  to  be  thinner  than  in  the  region  around  Ohio 
liiver  and  to  show  considerable  variation,  On  one  side  of  the  hill^i 
west  of  Willard  it  is  about  130  feet  thick,  but  on  the  other  side  it  i^H 
less  than  100  feet.  It  should  be  noted  that  in  this  district  the  Home^^ 
wood  sandstone  thickens  to  100  feet,  and  in  general  it  may  be  said  that^ 
throughout  the  area  the  Allegheny  formation  tends  to  l>ecome  thin  a^| 
the  underlying  Home  wood  sandstone  thickens.  This  formation  iva^^ 
known  in  Pennsylvania  as  the  *' Lower  Productive  Measures/'  from 
the  fact  that  it  is  the  lower  of  the  two  groups  of  rocks  containing  valu- 
able coals.    It  also  contains  a  valuable  clay  deposit  in  this  part 
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Kentucky.  In  addition  it  contains  bedt^  of  sandstone,  shale,  iron  ore, 
and  limestone*  Unlike  the  formation  on  which  it  restrS,  it  is,  as  a  rule, 
not  decidedly  sandy,  and  the  character  of  its  fossil  plantis  is  so  dis- 
tinct from  tliat  of  the  plants  in  the  Pottsville  as  to  warrant  its  sepa- 
ration as  an  independent  formation* 

The  number  of  coals  present  in  the  Allegheny  formation  is  usually 
not  more  than  six,  and  in  many  places  not  more  than  fonr.  The  low- 
est coal,  No.  5  of  the  Keatticky  8urvey,  lies  directly  on  the  Homewood 
sandstone*    It  is  loi-ally  of  workable  thicknesH. 

An  inipoi~tant  member  in  tlvis  formation  has  been  called  the  '^  Fer- 
riferous "  limestone  by  Andrews  in  the  reports  of  the  Ohio  Geological 
Survey,  and  the  *' Hanging  Ruck"  limestone  by  Orton."  It  ib  the 
equivalent  of  the  Vanport  (**  Ferriferous ")  limestone  of  western 
Pennsylvania,  and  tliat  name  will  be  used  in  this  report. 

Its  relationships  in  the  Kenova  quadrangle  may  easily  be  made  out 
at  Coalgrove,  iipposite  Ashland,     (See  heetion  on  pages  30-3L) 

It  usually  lies  from  10  to  20  feet  above  the  top  of  the  IIomewtXKl 
sandstone,  and  is  found  at  its  top  in  manv  places  where  coal  No.  o 
IS  absent.  It  is  generally  associated  with  an  important  clay  bed,  and 
on  this  account  has  an  economic  interest.  This  clay  ranges  in  thick- 
ness from  4  to  6  feet.  The  next  higher  economic  meniljer  in  this 
formation  is  the  No.  G  coal  of  the  Kentucky  section,  known  in  the 
region  about  Ashland  as  the  *' Limestone  coal'-  and  in  Ohio  as  the 
''  Newcastle  coal/*  It  is  commonly  found  20  feet  above  the  Vanport 
(**  Hanging  Rtjck  ")  limestone. 

The  next  higher  coal  is  the  Coalton,  or  the  No,  7  of  the  Kentucky 
Geological  Riirvey,  or  the  No,  6  or  Sheridan  coal  of  Ohio.  This  is  the 
celebrated  Nelson vi Me  cosl  of  the  Hocking  Valley*  It  is  the  most  ini- 
l>ortant  bed  in  this  area  at  present  and  is  found  from  25  to  45  feet 
nbuve  coal  No.  0  and  from  40  Ui  50  feet  Ixdow  coal  No.  8,  the  next 
higher  l>e(I  in  the  formation*  This  coal  No.  8  is  workable  in  parts  of 
the  quadrangle,  but  is  as  yet  comparatively  unimportant.  From  40 
to  50  feet  higher  in  the  scale  is  coal  No.  [),  which,  like  the  coal  below 
it,  is  generally  a  thin  U^d  and  only  locally  workable. 

Besides  the  coals  atid  fire  clays  of  eeonomic  importance  in  this 
formation,  various  l>eds  of  iron  ore  occur*  These  formerly  had  con- 
siderable importance,  but  at  present  have  little  or  no  value,  as  the 
cheaper  ores  of  Lake  Superior  and  Alabama  have  entirely  replaced 
them  in  the  market.  The  general  sections  (PI.  IV  and  fig,  20)  show 
the  beds  of  eeonomic  interest  and  the  intervals  between  them. 

Pottsmlle  f0rifiatwiK~The  Pottsville  formation  is  the  lowest  in 
the  Pennsylvanian  series*  Its  base  is  the  toi>  of  the  Mississippian 
series,  on  which  it  rests  unconformably,  and  it  comprises  all  the  rocks 


•  Oblo  Oeol.  Surref,  vttl,  S,  pU  I,  1678,  pp,  SS6  et  »eq** 
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to  the  top  of  the  Homewood  sandstone.    This  formation  is  separate*! 
from  that  lying  below  and  from  that  above  on  both  lithologic  a 
fossil  evidence.    The  entire  formation  is  exposed  in  the  iiorthweste 
part  of  the  quadrangle,  where  it  has  ti  tliiekness  of  between  350  a 
400  feet     In  the  southeastern  paii  of  the  area  it  has  u  thickness 
at  least  GOO  feet,  iind  ahmg  tlie  southern  edge  it  must  lie  fiilly  ^i 
thick.     General  sections  showing  the  character  of  the  rocks  of  tli|^| 
formation,  as  exposed  at  different  pohits  of  the  area,  are  given  i^^ 
Ph  IV.     The  rockn  of  this  formation  are  decidedly  sandy,  but  con- 
tain occasional  beds  of  shale,  iron  ore,  limestone,  and  coal.    Owing 
to  its  thickening  in  the  southeastern  pnrt  of  the  area  and  the  intro- 
duftion  of  coal  beds  not  represented  in  the  section  in  the  we-steru 
part  of  the  field,  the  lowest  coals  in  the  area  are  believed  to  appear 
in  the  section  along  I^visa  Fork  near  (jaHnp.     Tliere  are  three 
fonr  of  these  l>eds,  and  the  thickest  of  them  is  not  over  2  feet  at  nnj 
point.    The  higher  coals  in  this  formation  are  all  locally  workahW 
and  have  been  nunil>ered  by  Prof.  A.  R,  Crandall  (PI.  IV)-     Then* 
are  usually  four  fairly  thick  coal  beds  in  this  formation,  but  at  some 
points  this  number  may  be  increased  to  five  and  even  six*     Detailed 
descriptions  of  these  coals,  togctlier  with  the  intervals  which  separal 
them,  are  given  under  the  headings  of  the  various  districts. 

The  Pottsville  formation  also  contains  some  very  valiudile  l>eds 
fire  clay*     Most  noteworthy  of  till  is  the  l>e<l  occurring  only  a  few" 
feet  above  the  top  of  the  MaxvtUe  limestone.    This  is  the  celebrated 
Sciotoville  fire  clay  of  Ohio,    Though  it  outcrops  over  a  very  small 
area  in  this  particular  quadrangle,  it4ias  considerable  economic  im- 
portance to  the  west,  and  it  is  being  mined  at  present  on  a  la 
scale  in  the  vicinity  of  Olive  HilL     Other  beds  of  fire  clay  in 
formation  are  locally  workable,  notably  the  bed  associated  with  et 
No.  4,  which  has  been  worked  in  the  eastern  part  of  Ashland  a 
on  Catletts  Creek,     Nearly  one-half  of  the  entire  surface  of  t 
quadrangle  is  covered  by  rocks  belonging  to  the  Pottsville. 
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The  MiBsissippian  series  is  represented  by  a   massive  limestone. 
called  in  the  Kentucky  reports  ^'  Sub-Carboniferous  limestone,' '  and 
in  those  of  Ohio  the  Maxville  limestone.     About  100  feet  of  the     ■ 
Waverly  group  is  also  present-     The  outcrops  of  the  limestone  a^H 
confined  to  the  western  part  of  the  area  and  are  limited  in  exten^^ 
West  of  Tygarts  Creek,  in  Greenup  County,  this  rock  is  present  iu 
the  hills.     Here  it  does  not  exceed  a  thickness  of  55  feet,  I^eing  under- 
lain by  100  feet  of  sandstone  and  shale  lielonging  to  the  Wav^erh 
A  small  outcrop  of  limestone  is  fomul  id  the  l>end  in  Evernian  Creel 
Carter  County,  just  above  the  mouth  of  Wolf  pen  Branch,  and  a| 
fnvther  up  the  creek,  just  at  the  edge  of  the  quadrangle*     The  lime-* 
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stone  in  thin  part  of  the  field  doc^s  not  exceed  lo  or  20  feet  in  thick- 
ness. It  h  usually  overliiin  by  a  thin  bund  of  iron  ore.  This  lime- 
stone is  encountered  in  all  the  deeper  horingiy  for  oil,  in  both  the 
eastern  and  western  parts  of  the  quadrangle,  and  roaches  in  places  a 
thickness  of  several  hundred  feet*  The  total  thickness  of  the  ilis- 
dssippian  rocks  outcropping  in  the  western  part  of  the  area  does  not 
exceed  150  feet. 

lOKEOTJS   HOCKB. 

Oecvrrenee. — Igneous  rocks  in  this  quadrangle  were  noted  by 
Professor  Crandall  many  years  ago.  They  are  found  in  the  hills  on 
each  sidi^  of  Ison  Creek  west  of  Stephens,  Elliott  County,  and  about 
8  miles  southwest  of  Willard.  The  region  was  visited  by  J,  S. 
Diller,  of  the  United  States  Geolog-ical  Survey,  in  1884,  and  as  a 
result  of  this  trip  a  very  detailed  account  of  the  occurrenee  and 
petrography  of  these  rocks  was  published/*  The  rock  is  peridotitc% 
and  owing  to  this  fact  is  of  more  than  nsual  interest,  first,  because  it 
bears  a  resemblance  to  the  pcndotite  of  South  Africa,  the  mother 
rock  of  tlie  diamond,  in  the  Kimberley  district;  ami  second,  owing  to 
the  relative  scarcity  of  this  type  of  igneous  rock  and  to  a  poissible 
relationship  to  the  mica  peridotito  of  western  Kentucky,^  In  an- 
other publication  Mr<  Dillcr  lias  aj)plicd  the  name  of  kiniberlite  to 
this  rock  from  its  resemblance  to  the  South  Afrit^an  rock/* 

ExtenL — The  area  covered  by  the  rock  is  very  small,  not  nioi^e  than 
a  few  acres.  The  outcrops  uf  the  solid  ledge  are  not  numerouSj  but 
their  original  extent  is  not  difficult  to  trace,  owing  to  the  character- 
istic minerals  resulting  fi^om  weathering.  Thei'e  is  no  apparent  rea- 
son wliy  the  various  isolated  masses  should  not  l>e  considered  parts 
of  a  single  intrusion*  as  all  appear  identical  in  mineral  composition. 

Charactt^r  of  mrA*.— The  groundmass  of  this  rejck  is  compact,  gray- 
ish black  in  color,  antl  porphyritic*  It  is  plentifidly  specked  with 
phenocrysts  of  olivine,  which  appear  to  l)e  very  fresh  and  unaltei-ed 
and  give  a  gi*ayish  tinge  to  the  rock.  Garnet  (pyrope)  and  titanic 
iron  ore  (ihnenite)  iire  also  cjisily  detected  and  in  the  field  were  found 
to  be  of  great  assistance  in  tracing  the  boundaries  of  the  decayed 
ledges.  Sections  of  biotitc  are  not  uncommon.  IJesides  these  con- 
stituents, which  are  readily  detected  in  the  hand  spe<;iinens,  the  chief 
remaining  minerals  are  enstatite  and  a  small  amount  of  apatite.  In 
places  the  olivine  has  been  itlter<*d  to  serpentine,  which  may  be 
readily  seen  in  hand  si>ecimens,  and  which  in  thin  section  is  asso- 
ciated with  magnetite  and  some  carbonate,  presumably  dolomite  re-* 
suiting  from  the  alteration  of  the  olivine.  This  rtx-k  has  bc*en  so 
thoroughly  de^ribed  by'Diller,  and  its  peculiar  characteristics  are 

•BulL  XJ.  B.  OeoL  Snr?«y  No.  38,  1S87, 

*  Winiiimfi,  G,  IL.  Am,   Jout.  ScL,  3d  ser„  vol,  M,  Aug.,  laST,  ^.  V^^ 

'^BulJ.  U,  8.  Geol.  Sufrejr  No.  150,  IS9S,  pp.  21>^2M, 


22  ECONOMIC  GEOLOGY   OF    KENOVA  QUADRANGLE. 


9D  well  pointed  out  in  hb  publication,  that  it  will  not  he  fiirtlier  coe 

sidered  here. 


1^ 

o™ 


Age  and  relaihnMps. — The  sedimentary  roc^ks  through  wliich  th^^ 
igneous  rock  has  forced  its  way  are  traceable  practically  np  to  ih 
contact  and  strangely  enough  do  not  appear  to  have  been  even  flexe 
upward  along  thii^'  zone.     Though  the  igneous  rock  has  broken  ofl 
masses  of  shale,  which  are  now  found  embedded  in  it,  this  is  surpriii^_ 
ingly  fresh  and  unaltered,  like  the  ordinary  black  ^hale  of  the  Feni:i^| 
sylvanian    series.     Only    in    a    few    cases   are    nietamorphic    effects 
markedly  visible.     In  some  of  the  baked  shale  secondary  mica  was 
seen  in  considerable  quantity.    The  color  of  the  shale  had  been  some- 
what n*dd€*ned  and  the  sandstone  and  limestone  fragments,  w^hich 
were  inclotsed  by  the  igneous  rockj  had  been  baked  and  the  latter  con^ 
%erted  to  quicklime. 

The  sedimentary  rocks  in  whicli  the  bulk  of  the  igneous  rock 
fomid  belong  to  the  Pottsville  formation,  but  as  some  of  the  igneou 
rock  is  found  in  the  Allegheny,  the  intrusion  is  Allegheny  or  post- 
Allegheny  in  age*    It  was  forced  into  the  carbonaceous  shale  and 
coal  beds  found  in  this  formation,  and,  owdng  to  the  fact  that  the 
Kimberley  diamonds  occmr  in  peridotite  penetrating  carbonaceous 
shale,  more  than  ordnuiry  interest  attaches  to  the  Elliott  County 
occurrence  of  peridotite.    This  interest  has  led  to  the  prospecting 
of  streams  in  the  neighborliood,  and  also  to  the  sinking  of  a  shaft 
70  feet  deep,  which  at  the  time  of  the  writer's  visit  (October,  1905 J 
was  filled  w4th  debris.     During  the  spring  of  11)06  it  w^as  reporte 
that  anotlier  prospect  shaft  was  being  sunk.     As  to  the  presence 
diamonds  the  writer  has  no  authentic  information, 

STRUCTURE. 
IfODE  OF  ItEPRfiSENTlNQ  STRUCTURE, 

The  inclination  of  the  beds  to  a  horizontal  plane,  or  the  dip  of 
the  beds,  as  it  is  commonly  called,  is  measured  in  the  field  by  means 
of  a  clinometer  when  the  inclination  is  great  enough  to  be  suscepti- 
ble to  this  method.     In  but  few  localities,  however,  in  the  Kenova 
quadrangle  are  the  dips  sufficient  to  allow  this  mode  of  measurement^J 
Where  this  method  is  not  applicable  continuous  road  sections  ar^^ 
run  and  the  beds  are  correlated  fnmi  hillside  to  hillside.     When 
the  elevatif)n  above  mean  sea  level  of  a  given  sandstone,  coal,  or 
limestone  on  one  hill  and  its  elevation  a  mile  or  so  away  have  been     , 
found,  the  rise  or  fall  of  this  particular  bed  in  feet  per  mile  is  i^| 
once  obtained.     By  connecting  points  of  equal  elevation  on   ant^ 
selected  bed  the  contour  lines  for  that  l>ed  are  drawn.    On  the  map^ 
PI,  I,  the  contour  interval  is  50  feet  and  all  points  having  altitud 


that  are  multiples  of  50  were  connected  by  black  lines.  For  instance, 
in  drawing  the  600- foot  contour  line  those  points  in  the  area 
where  the  datum  selected  (the  top  of  the  Honiewood  s^nmlhttme) 
i"^ached  this  elevation  were  connected,  and  likewise  for  the  other  con- 
tour linea 

The  top  of  the  Honiewood  sandstone  was  select etl  in  this  area,  on 
account  of  the  ea^e  with  wliidi  this  bed  may  be  followed,  owing  to 
its  persistence  and  relations  to  other  well-lcnown  horizons.  Wliei^ 
it  failed  to  api>ear  above  drainage,  its  distance  below  other  known 
beds  was  used,  assuming,  of  course,  that  the  distance  was  constant 
within  the  limited  area  where  this  means  was  employed.  Conversely^ 
when  the  dips  were  such  as  to  carry  the  top  of  the  Homewood  above 
the  hillrops  its  distance  above  known  beds  was  applied.  However, 
great  precision  was  not  obtainable,  as  sncli  intervals  are  subject  to 
variation  all  over  the  region,  and  especially  in  the  areas  covered  by 
the  formations  above  the  Homewood*  Furthermore  tbe  elevations 
were  obtained  by  means  of  aneroid  barometers,  which  are  liable  tt» 
sudden  variations  and  have  to  be  constantly  checked  against  spirit- 
level  elevations.  In  spite  of  these  sources  of  error,  it  has  been  thought 
advisable  to  draw^  structure  contour  lines*  These  show  the  ^neral- 
ized  stir  face  forme<l  by  the  top  of  the  Homewood  sandstone,  and, 
less  pi*ecisely^  the  lay  of  the  overlying  and  underlying  beds.  The 
limit  of  error  may  generally  be  considered  a  contour  intervah  but 
where  the  beds  vary  in  thickness  as  they  do  in  this  area  it  may  Im 
more.  This  mode  of  presentation,  in  addition  to  showing  the  struc- 
ture of  the  beds,  enables  us  to  estimate  the  elevation  of  the  top  of 
the  Homewood  sandstone  when  it  is  behnv  drainage.  For  instance. 
Dear  Zelda  the  4(K)-foot  contour  line  was  drawn.  The  elevation  of 
Zelda  is  o80  feet  above  mean  se4i  level;  therefore,  the  top  of  the  Home- 
wood  sandstone  should  be  at  a  depth  of  180  feet.  The  distances  of 
the  various  coal  beds  above  or  below  the  top  of  this  sandstone  being 
known,  their  depth  below  tbe  surface  may  in  turn  be  estimated  at 
this  point, 

OETAILED  DESCKimON   OF  STRUCTtTRB. 

This  quadrangle  lies  at  the  southwest  end  of  the  great  trough 
formed  by  the  cc^al-liearing  rocks  of  the  Appalachian  field.  The 
axis  of  the  trough  extends  southwest  from  near  Pittsburg,  Pn„ 
and  the  trough  reaches  its  maximum  development  near  central 
West  Virginia.  From  this  point  southwestward  tlie  axis  slowly  rises, 
crossing  Ohio  River  a  little  east  of  the  quadrangle  and  reaching  Big 
Sandy  River  from  8  to  10  miles  above  its  confluence  with  the  Ohio, 
The  axial  line  follows  Big  Sandy  Eiver  southward  for  2  miles  aiiil 
gradually  curves  to  the  west,  pitching  upward  along  a  line  practically 
coincident  with  the  boundary  between  Carter  County  and  Elliott 
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and  Lawrence  counties.     The  beds  south  of  iht*  axial  line  dip  nortl 
and  northwest,  and  those  on  the  northern  side  dip  southeast.    The 
dips  over  most  of  the  uveii  ni\*  not  very  steep.    In  the  northern  two- 
thirds  of  the  quadrangle  the  dips,    with  a    few    exceptionsj  do  not 
average  as  high  as  50  feet  per  mile.     Near  Catlettsburg  the  upper 
part  of  the  Pottj^ville  foniuition  is  exposed  at    railroad    level,    but 
across  Big  Sanjy  River  tlit*  lowest  rocks  exposed  in  the  cliffs  along 
the  Norfolk  and  Western  Railway  are  the  lower  sandstone  members 
of  the  Conemaiigh  formation:  thns  a  dip  of  more  than  50  feet  \wt 
mile  is  involved  between  these  points.     Near  Willard  and  southw^esfe^j 
of  this  town  in  Carter  County  the  dips  are  above  the  average,  bein^H 
close  to  100  feet  per  mile.     The  steepest  dips  ai-e  confined  to  tlie^ 
southern  third  of  the  area.    This  belt  of  sharp  dips  is  aliout  G  miles 
broad  south  of  Louisa,  but  it  narrows  westward  until  at  Blaine  it  is 
not  more  than  a  mile  in  width.     West  of  this  town  the  beds  curve 
gently  northwestward  around  the  head  of  the  basin.    The  dips  in  the^J 
ridge  south  of  Louisa  are  fully  100  feet  per  mile.    Near  Adams  and^| 
on  Right  Fork  of  Blaine  Creek  the  rocks  in  places  dip  WO  feet  per^ 
mile.     The  steepest  dips  in  the  area  are  near  the  mouth  of  }Ioo4l 
Creek  in  the  eastern  part  of  the  town  of  Blaine,    At  the  bridge  over 
Hood  creek  the  l>eds  are  iuelined  11  degrees,  and  near  this  point  two 
small  faults  were  discovered  by  Mn  Ashley,  but  their  throws  are^ 
probably  not  great  enough  to  materially  a  fleet  the  structure  eontoijrsj^^ 
A  few  minor  flexures  are  involved  in  the  main  syncline.     In  thc^ 
region  near  Irad  aud  Osie*  Lawrence  County,  the  Honiewood  sancb 
stone  thickens  toward  the  west  very  rapidly,  causing  a  slight  arch 
in  the  overlying  beds,  but  west  of  this  district  the  sandstone  is  some-^^l 
what  thinner  and  causes  a  slight   depression*     West   of    Cherokee^^^ 
Creek,  approaching  Elliott  County,  the  structure  seems  to  l>e  rather 
irregidar.     This  may  be  more  apparent  than  real,  and  the  irregti 
larity  in  the  contours  may  l>e  due  to  the  fact  that  they  are  based  oix, 
but  few  outcrops  and  that  the  underlying  sandstones,  which  mighi 
serve  as  a  guide,  thicken  and  cut  out  the  coal  l>eds.    The  flattening 
of  the  beds  to  the  west  is  due  to  the  dying  out  of  the  Appalachian 
folds  as  the  Cincinnati  arch  is  approached.    West  of  this  quadrangle 
the  beds  gradmilly  rise  to  the  apex  of  this  arch,  and  this  gradual 
rise  is  indicated  in  the  contours  west  of  Little  Sandy  River* 
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■  In  an  area  of  sedimentary  rocks,  like  the  Kenova  quadrangle,  it 

I  which  the  chief  deposits  are  sandy  or  clayey,  it  is  useless  to  attempl 

^  to  find  such  metals  as  gold,  silver,  and  lead  in  paying  quantitie 
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Small  amounts  of  lead,  zinc,  and  iron  sulphides  do  occur  in  the  clay- 
limestone  concretions  in  the  shales  of  the  Carboniferous  system,  but 
the  amount  of  such  material  is  so  small  as  to  be  entirely  negligible, 
and  time  devoted  to  the  search  for  the  precious  and  base  metals  will 
be  fruitlessly  spent.  On  the  other  hand,  the  coal  and  fire-clay  beds 
may  repay  more  careful  prospecting  than  has  heretofore  been  given 
them,  and  perhaps  to  a  less  extent  this  is  also  true  of  the  alluvium 
of  the  stream  beds,  the  shale,  the  limestone,  and  the  sandstone  beds. 

COAL. 

Workable  beds  of  coal  are  scattered  through  nearly  the  entire  geo- 
logic column,  as  developed  in  this  area,  up  to  and  including  the  cele- 
brated Pittsburg  coal  at  the  base  of  the  Monongahela  formation. 
The  names,  positions,  and  relationships  of  these  coals  are  given  in 
the  general  columnar  sections  (PL  IV)  and  also  in  the  local  sections. 

These  coal  beds  vary  somewhat  in  character  but  include  most  varie- 
ties of  the  bituminous  class.  The  bulk  belong  to  the  harder,  bitumi- 
nous variety,  and  in  many  places  have  a  splinty  aspect.  The  coals,  as 
a  rule,  break  into  rather  thin  slabs  along  charcoal  layers,  and  hence 
may  be  classed  as  semiblock  coals.  As  a  rule  they  are  unsuitable  for 
coking,  but  after  washing  some  of  them  give  fair  satisfaction.  Coal 
No.  6,  or  the  Winslow  coal,  which  has  been  mined  for  several  years 
at  Winslow,  has  been  washed  and  coked  by  the  Ashland  Iron  and 
Mining  Company  for  use  in  the  company's  furnaces  at  Ashland,  and 
has  always  proved  fairly  satisfactory  when  mixed  with  a  small 
amount  of  some  standard  coke  or  when  coked  with  a  small  amount 
of  some  "standard  coking  coal.  All  the  coals  give  excellent  results 
when  used  for  ordinary  steam  and  domestic  purposes.  Nearly  all 
bear  well  transportation  and  stocking.  Coal  No.  7,  or  the  Coalton 
coal,  which  ranks  with  and  is  stratigraphically  equivalent  to  the 
famous  Nelsonville  coal  of  Ohio,  has  been  and  is  still  used  by  the 
Ashland  Iron  and  Mining  Company  in  its  blast  furnaces  at  Ashland. 

Ordinary  bituminous  coal  is  frequently  associated  with  the  splinty 
variety  in  most  of  the  coal  beds.  It  is  finely  interlaminated  with  a 
dull  splint  in  many  of  the  benches,  and  in  other  places  it  forms  com- 
plete benches  by  itself.  This  is  sometimes  the  case  with  the  Winslow 
coal,  the  bottom  bench  of  which  is  usually  of  the  soft  bituminous 
variety  and  contrasts  with  the  harder  splinty  type  of  the  two  upper 
benches.  Certain  beds  in  restricted  areas  contain  benches  of  cannel 
coal,  for  example,  the  coals  now  being  worked  by  the  Kentucky  Cannel 
Coal  Company  at  Boghead  and  Hunnewell.  Sections  obtained  at 
Boghead  show  the  character  of  these  two  coals  at  this  point. 
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tangle,  with  names  used  in  Pennsylvania,  Ohio,  and  Kentucky. 
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Pennsylvania  names. 

Ohio  names.                              Kentucky  names. 

Pittsburg  sandstone 

Pittsburg  coal 

Pittsburg  coal 

Ames  limestone 

Ames  limestone 

fPine  Creek  or  Coleman  limestone. 
^Bnish  Creek  limestone 

Upper  Cambridge  limestone — 
Lower  Cambridge  limestone  . . . 

Upper  Cambridge  limestone. 
Lower  Cambridge  limestone. 

Brush  Creek  coal 

Mfl-honlnR'  sandstone         , . .  ^ . .  ^  - 

Mahoning  sandstone 

Mahoning  sandstone 

Upper  Freeport  coal 

Bayleys  Run,  Waterloo,  or  No. 

7  coal. 
Hatcher  or  No.  6  A  coal 

No.  9  coal. 

Lower  Freeport  coal 

No.  8  coal. 

M  iddle  Kittanning  coal 

Sheridan,  Nelsonville,  Straits- 
ville,  Lower  Waterloo,  Ash- 
land, Mineral  City,  or  No.  6 
coal. 

No.  7  coal. 

Lower  Kittanning  coal 

Newcastle  or  No.  5  coal 

No.  6,  Keyes  Creek.  River  Hill 

or  Limestone  coal. 
No.  5  coal. 

Vanportor  Ferriferous  limestone. 

Hanging  Rock  or  Ferriferous 
limestone. 

Brookville  coal 

No.  4  coal 

Homewood  sandstone 

No.  4  coal. 

No.  3,  McHenr> '8,  or  Torchlight 

coal. 
No.  2  coal. 

Upper  Mercer  coal 

No.SAcoal 

Lower  Mercer  coal 

Lower  Mercer  coal 

Quakertown  coal. 

Quakertown  coal 

No.  1  or  Barrett  Creek  coal  « 

Sharon  coal 

Jackson  Shaft  coal 

Sharon  conglomerate 

Sharon  conglomerate 

Max  ton  sand. 

Sciotoville  or  Logan  fire  clay. . . 

Greenbrier  limestone  or  Big  lime. 

Maxville  limestone 

Subcarboniferoufi  limestone. 

Waverly  group 

Waverly  series. 

Burgoon  sandstone  or  Big  Injun 
sand. 

Logan  formation   (?),    Black- 
hand  formation,  or  Cuyahoga 

formation. 
Sunbury  shale 

Big  Injun  sand. 

Berea  sandstone 

BcKiford  shale 

Ragland  sand. 

Ohio  or  Chattanooga  shale. 

Ohio  shale 

a  See  p.  93. 
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BectUm  of  Ifo.  4  coal  led  tf I  Bo^AesA 

Shale  roof. 

CJoal,  bitumlnouB:. : 1--, 7| 

Bone :,- —  J 

Coal,  bitumlnons 11 

Fire  clay ^ 7| 

Bone 6J 

CJoal,  cannel -_,-  9 

Section  of  No.  S  cota  bed  at  Boghead. 


Shale  roof. 

CJoal,  bituminous 5 

Bone 9 

CJoal,  cannel . 16 

Fire  clay 15 

Coal,  bituminous 14i 

Bli 

It  is  reported  that  the  cannel  layers  are  erratic  in  their  occurrence, 
being  as  liable  in  No.  3  bed  to  occur  in  the  top  as  in  the  middle  bench. 
In  the  hill  southeast  of  Hunnewell  the  middle  bench  is  cannel  coaL 
In  Elliott  County,  near  the  western  edge  of  the  quadrangle,  in  the 
hills  west  of  Stephens  and  north  of  Fielden,  there  is  an  important 
cannel  bed  well  up  in  the  top  of  the  hill.  Old  openings  were  observed 
by  the  writer,  but  there  was  no  opportunity  to  measure  the  coal. 
G.  H.  Ashley  found  the  cannel  layer  4  feet  thick  in  places  in  the 
hills  south  of  Critches  Creek.  This  coal  bed  lies  about  50  to  60  feet 
above  the  top  of  the  Homewood  sandstone  and  is  tentatively  corre- 
lated with  the  Winslow  or  No.  6  coal  of  the  country  to  the  east.  On 
Hilton  Branch,  southwest  of  Willard,  a  rather  thick  bed  of  cannel  has 
been  worked  in  a  small  way.  The  seam  was  opened  on  the  land  of 
William  Corey  and  Elijah  Sturgill.  At  the  opening  on  Mr.  Corey's 
property  the  coal  measured  29  inches  of  cannel  with  more  lying  below 
unseen  on  account  of  the  water  which  nearly  filled  the  opening.  Mr. 
Sturgill,  jr.,  reports  36  inches  of  cannel  overlain  by  8  inches  of  bitu- 
minous coal,  capped  by  a  sandstone  roof.  The  Brush  Creek  coal  of 
Lawrence  County  also  contains  a  cannel  layer.  Besides  these  beds  of 
cannel  coal  there  are  others  containing  sufficient  volatile  hydrocarbons 
to  class  them  with  the  cannel  coals.  This  is  the  case  with  certain 
layers  in  the  Torchlight  or  No.  3  coal  of  Levisa  Fork,  Lawrence 
County,  while  the  "  Little  Cannel  "  bed  lying  140  feet  below  No.  3 
at  Torchlight  contains  a  band  whose  analysis  shows  55  per  cent  of 
volatile  matter.  PI.  IV  and  the  table  on  pages  26-27  show  the  rela- 
tions of  the  various  coals  and  their  equivalents  in  Pennsylvania,  Ohio, 
and  Kentucky. 
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WANGLE  AND  THE3R  EQUIVALENTS  IN  PENNSVLVANfA.  OHIO,  ANO  KENTUCKY. 
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CLAY. 

The  clays  of  the  Kenova  quadrangle  are  all  sedimentary  in  origin 
and  have  reached  their  present  position  through  the  agency  of  water. 
They  may  be  divided  as  regards  both  age  and  adaptability  into  two 
classes.  First,  the  bedded  clays,  and,  second,  the  recent  unconsoli- 
dated silts  or  clays  of  the  stream  valleys.  Of  the  former  lelttfr  two 
beds  are  prominent. 

The  higher  of  the  bedded  clays  is  that  occurring  near  the  horizon 
of  the  Vanport  ("  Hanging  Rock  ")  limestone,  about  10  to  40  feet 
above  the  top  of  the  Homewood  sandstone.  Though  not  so  important 
as  the  lower  fire  clay  at  Olive  Hill  (the  Sciotoville  clay  of  Ohio)  in 
the  northeastern  part  of  Kentucky,  yet,  when  taken  as  a  whole,  it  is 
of  far  greater  importance  in  the  Kenova  quadrangle.  On  the  eco- 
nomic map  the  red  line,  except  along  Tygarts  and  Everman  creeks. 
Carter  County,  may  be  taken  as  the  outcrop  of  the  Vanport  ("  Hang- 
ing Rock  ")  limestone  with  its  associated  clay.  Detailed  descriptions 
of  the  characteristics  of  this  clay,  as  noted  at  different  localities,  are 
given  on  pages  113-117. 

The  lower  of  the  two  important  clays  occurs  a  few  feet  above  the 
Maxville  limestone  and  is  one  of  the  most  important  fire  clays  of 
northeastern  Kentucky  and  southern  Ohio.  This  is  the  celebrated 
Sciotoville  clay  of  the  Ohio  Geological  Survey  reports,  less  widely 
known  as  the  I^ogan  clay.  It  has  been  extensively  mined  at  Scioto- 
ville and  in  the  region  around  Portsmouth,  Ohio,  and  is  also  mined 
on  a  large  scale  at  Olive  Hill,  Ky.,  and  in  the  valley  of  Tygarts 
Creek,  which  cuts  across  the  northwestern  corner  of  this  quadrangle. 
In  this  area  the  fire  clay  appears  at  a  few  points  near  the  western 
l)oundary  and  these  occurrences  are  described  in  detail  on  page  118. 

The  recent  clays  of  the  flood  plains  of  the  rivers  and  small  streams 
are  widespread,  even  the  smallest  streams  having  in  places  extensive 
deposits.  Those  which  are  worked  at  present  are  confined  to  the  Ohio 
Valley,  where  there  is  a  local  market,  cheap  coal,  and  convenient 
transportation  facilities.  This  flood-plain  clay  is  suitable  chiefly  for 
ordinary  building  brick,  tile,  shingles,  etc. 

Other  important  clays  are  found,  but  they  are  not  so  pereistent  as 
those  noted  above.  Among  those  of  less  importance  is  the  fire  clay 
associated  with  coal  No.  4  at  Ashland  and  Catlettsburg  and  in  the 
hills  northwest  of  Willard,  near  the  headwaters  of  Johns  Creek. 

Besides  clays  proper  there  is  in  the  Carboniferous  rocks  over  the 
entire  quadrangle  an  abundance  of  raw  material,  such  as  ganister 
(siliceous  clay)  and  numerous  shale  beds,  which  thus  far  has  not 
even  been  prospected.     This  no  doubt  would  make  brick  of  fair  grade. 
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MISCELLANEOUS  ECONOMIC  PRODUCTS. 

The  less  important  resources  of  this  area  are  limestone  and  iron 
ore,  sandstone,  oil,  gas,  glass  sand,  and  salt.  These  commodities  will 
be  considered  in  detail  in  a  subsequent  part  of  this  bulletin. 

DESCRIPTION  OF  COAL  RESOURCES  BY  DISTRICTS. 

For  convenience  in  reference  and  from  a  commercial  rather  than 
a  scientific  point  of  view  the  coal  resources  of  this  area  are  described 
by  districts  whose  boundaries  have  been  chosen  so  that  each  district 
may  coincide  as  closely  as  possible  with  the  country  naturally  tribu- 
tary to  a  certain  railway  line  or  other  highway  of  communication. 
These  districts  are  as  follows : 

1.  Ohio  district. 

2.  Big  Sandy  VaUey. 

3.  District  tributary  to  the  LouisviUe  and  Lexington  RaUroad,  or  Chesapeake 
and  Ohio  Railway  district. 

4.  Little  Sandy  Valley,  or  main  Eastern  Kentucliy  Railway  district 

5.  District  tributary  to  the  southern  terminus  of  the  Eastern  Kentucky  Rail- 
way. 

OHIO  DI8TBICT. 
EXTENT. 

Only  the  southern  part  of  Lawrence  County,  Ohio,  including  parts 
of  Fayette,  Perry,  and  Upper  townships,  is  inchided  in  the  Kenova 
quadrangle. 

STRATIGRAPHY. 

The  rocks  exposed  in  Ohio  comprise  the  whole  of  the  Allegheny 
and  parts  of  the  Coneniaugh  and  Pottsville  formations.  The  total 
thickness  represented  is  in  round  numbers  about  600  or  700  feet.  The 
following  section,  obtained  near  Coalgrove  depot,  gives  an  excellent 
idea  of  the  Allegheny  formation  and  the  lower  part  of  the  Cone- 
niaugh as  developed  at  this  point.  The  numbers  of  the  coals  are 
those  of  the  Kentucky  series. 

SScction  mar  Coalgrove  depot. 

Conemau^h  formation :  Feet. 

Sandstone,  laminated 25 

Shale,  rod  and  irroen 25 

Limestone,    fossiliforons    ((^ambrid^e) 1 

Sandstone,  laminat»»d  20 

Shale 10± 

Sandstone,    laminated    36 

Allegheny  formation  : 

Coal  bloom  (/)o,s?7/o//  of  eoal  So.  9). 

Concealed ,  5() 

Position  of  coal  No,  8. 
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Allegheny  formation — Cootlnued,  Feet. 

Concealed  and  sUaly  sandstone ^-_^^_.«__-„  44 

Voni  No,  7, 

Sandstone,  iuas8tve  ,_ .__,_^ ^__.^__ —  33 

Sandstone,  niusi^lve ,_^,,,^_,^_^._^  40 

Clay,  ma!f»h*e  tllnt—^ ^--^ ^_^__  1^-11 

Clajr,  plastic  -. ^^--  5 

Uiueistone    (**  Hanging   Rock**)-^ „_-_  4 

FLre  clay  ^^^^._-^________ ™».. .^. — .-.  1| 

Conri^aied ^^^__^__-__. ^_,__^^ ,,^__^_  5 

Ptobftlffe  pfhsi fifjfi  of  mtil  No,  i. 

The  Coneinaugh  formation  in  the  Coalgrove  Heetion  Ik  typical  so 

fur  as  it  goes*  with  the  exception  of  the  busfti  sands^tono.  This^  m  not 
UHually  Iftuiinated,  but  is  very  massive  near  the  eastern  edge  of  the 
quadrangle  (PL  III,  B^  p.  14).  The  massive  character  of  this  basal 
Hieinl>er  is  well  shown  near  the  Norfolk  and  Western  Raihvay  bridge 
near  North  Kenova  and  on  the  connty  road  joining  tlie  river  pike 
west  of  Bin^lington,  This  sandstone  forms  prominent  cliffs  nearly 
all  along  Ohio  River  in  this  area  and  in  West  Virginia  as  well.  The 
higher  beds  of  the  Conennmgh^  not  nhown  in  the  section  at  Coal- 
grove,  are  well  exposed  in  the  hills  back  of  Burlington  and  Sybene 
and  in  general  aw^ay  from  Ohio  Kiver,  and  consist  chiefly  of  red  shale 
and  sandstone*  occasional  limestones,  whicli  are  more  or  less  per- 
sistent, and  small  coal  beds,  rarely  of  workable  thickness.  In  the 
easteni  part  of  the  Ohio  district,  in  Fayette  Township,  the  surface 
of  the  country  is  made  up  chiefly  of  shales  of  the  Conemangh,  with 
local  sandstones  and  small  and  unimportiint  coal  beds*  This  region, 
though  very  hilly,  is  fertile  and  well  adapted  to  the  growing  of  fruits 
and  farm  products,  and  is  under  general  cultivation  (PL  III,  d, 
p.  14).  Since  this  formation  is  of  little  economic  interest,  it  wall  not 
bo  considered  further. 

The  Allegheny  is  fairly  developed,  with  the  exception  of  coal  No, 
4"  (Ohio  nomenclature,  PI.  IV),  This  coal  was  not  seen  in  tlie  sec- 
tion at  Coalgrove,  but  the  higlier  coals  were  all  m(m  at  one  point  or 
another  in  this  State.  The  Allegheny  formation  is  present  in  all  the 
liills  in  Upper  and  Perry  townships,  but  the  eastern  dips  cause  it  to 
disappear  near  North  Kenova,  just  cast  of  the  Norfolk  and  Western 
Railway  bridge.  The  thickness  of  the  Allegheny  is  about  ISO  feet. 
The  liighest  coal  bed  present  in  this  formation  is  the  Upper  Freeport, 
which  lies  either  immediately  or  at  a  small  distance  lielow  the  Mahon- 
ing sandstone.  Its  bloom  is  fairly  widespread,  though  it  does  not 
seem  to  have  been  worked  to  any  extent.  This  coal  is  the  Waterloo 
or  No.  7  of  the  Ohio  Geological  Survey.  Thirty  to  fifty  feet  below 
it  occurs  the  Hatcher  of  the  Ohio  and  Kentucky  geological  surveys, 


In  Ohio  it  in  No.  *3A  nud  in  KetitiicJcy  Xo,  8,     E.  McMillan  *•  ha.^  cor- 
rt?Iati*d  it  with  the  Lower  Freeport  of  Pennsylvania*    The  most  im- 
portant conl  in  this  part  of  Ohio  i>5  found  100  fet»t  below  the  base  of 
tht*  Mahoning  ssmd^tone*     It  is  known  as  the  Sheridan  or  No.  6  coal 
in  Ohio.    In  Kentucky  it  h  also  important  and  is  known  as  the  No.  _ 
7  or  Coaiton  coal.    The  Ohio  geologists"  have  correlated  it  with  the-^ 
Middle  Kittanning  coal.    Between  these  three  coals  are  two  beds  of 
limestone,  in  many  places  associated  with  iron  ore.    The  massive  sand- 
stone overlying  the  Coalton  coal  serves  as  a  means  for  locating  and 
following  it.    Atx>ut  30  to  40  feet  below  the  Coalton  coal  another  per-fl 
sistent  Ijcd  is  found,  known  as  the  Xewcastle  coal,  or  No.  5  bed  (Xo, 
(i  of  Kentucky)/    It  is  Ix^st  seen  at  Coalgrove,  where  it  lies  33  feet 
he  low  the  Coalton  coal,  the  interval  being  occupied  by  a  very  massive 
san<lstone. 

The  lowest  stratinn  of  economic  importanc*e  in  the  Allegheny  l^j 
tlie  clay  associated  with  the  Vaiijxirt  {"" Hanging  Rock")  limestone,! 
The  Ijcd  is  about  75  feet  below  the  Coalton  coal  and  it^  capped  by  &| 
very  massive  simdstone.  No  other  l)eds  of  economic  value  were  seeaj 
above  drninage  level  in  this  area. 

Only  a  very  small  part  of  the  Pottsville  formation  is  shown,  prob- 
nbly  not  more  than  30  to  25  feet,  and  this  is  in  the  vicinity  of  tha* 
C'oalg!*ove  section.     The  Homewood  sandstone  outcrops  near  Coal- 
grove  depot,  and  although  No.  4  coal  of  the  Ohio  Stirvey*  or  that  m 
restiui^  din*cHy  on  the  Homewood  saudstorie,  is  not  known  in  this  ■ 
immediate  neiglihorhood,  it  has  bt^en  recognized  in  the  vicinity  of 
Ironton,  not  more  than  a  mile  to  the  west,  by  the  Ohio  geologists.^ 

THE    COALS. 
UPPER  COALS. 

The  upper  coals  in  the  Allegheny  formation  and  the  coals  in  the 
Conemaugh  have  little  or  no  importance  in  this  part  of  Ohio.  The 
Hatcher  coal,  No.  8  of  the  Kentucky  Survey,  and  the  Upper  Free- 
port  have  been  opened  in  a  few  places  on  Lick  Creek,  about  IJ 
miles  east  of  Sheridan,  and  near  the  residence  of  R.  H.  Henshaw 
on  Little  Ice  Creek.  In  the  summer  of  1905  openings  on  these  upper 
coals  were  fallen  shut  and  no  measurements  could  be  obtained. 
According  to  the  Ohio  State  reports  the  Upper  Freeport  coal,  which 
is  known  as  the  Bayleys  Run  or  Waterloo  coal,  is  4  feet  thick  near 
Ironton,^  and  in  the  general  section  given  by  McMillan*  it  is  repre- 
sented as  averaging  6  feet.    In  quality  these  coals  are  inferior  to  the 

«  Ohio  Gcol.  Survey,  vol.  5,  1884,  p.   122. 

*Ohio  Geol.  Survey,  vol.  a,  pt.  1.  1878,  section  opposite  p.  928. 
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Coalton  coal,  and  under  present  conditions  probably  could  not  iw 
marketed.  They  have  furnished  up  to  th^  present  time  a  t^inall 
amount  of  fuel  for  local  consumption  and  will  probably  uontinuo 
to  do  HO  ftir  a  nuiiiKr  of  vears. 


SlIKKItJAN    f'OAL   OK  Oil  HI    itt>ALTO.N    COAL  Ot^    KKNT lfl  ttV  ) , 

Position. — The  Coalton  C!oal  is  100  feet  below  the  Upper  Freeport 
coal  and  obtjut  50  feet  Mow  the  Hatcher  ur  I^wer  Freei>ort  Ijed*  It 
has  [yeen  correhited  with  the  Middle  Ivittannhi*>  ctMil  of  Pennsylvania. 
In  this  report  the  name  Coiilton  coal  will  lie  applied  to  this  Iml,  Hince 
in  Kentucky  it  was  originally  workotl  at  Coalton,  and  was  wi<lely 
known  under  this  name,"  It  h  the  second  bed  above  the  Vanport 
("  Hanging  Kt»ck  '')  limestone  and  ore. 

Ewteni. — ^This  coal  has  been  known  and  worked  for  many  years 
in  the  Hanging  Rock  region.  Acct>rding  to  the  Oliio  Geological 
Survey  reportH/'  ii  ij^  identicid  with  the  celelirated  Nelsonvnlle  or 
StJ*aitsville  coal  of  the  Hocking  Valley.  Up  to  the  prenent  time  it 
ha?3  proved  to  be  l>v  far  the  most  importsint  (*oiiimercinl  coal  in  this 
(piadrangle.  and  in  Kentucky  onieh  of  it  lying  almve  drainage  level 
has  been  removed.  In  Ohio,  however,  little  has  lieen  removed  alwve 
drainage  level  and  none  lielow. 

As  it  occurs  30  to  40  feet  abi>ve  the  next  lower  coal  its  outcrop 
will  be  found  above  drainage  level  farther  to  the  east  than  the  out* 
crop  of  the  lower  bed,  but  the  area  above  drainage  level  underlain 
by  it  is  comparatively  small,  being  not  more  than  one-tenth  of  that 
part  of  Ohio  included  within  this  quadrangle.  It  is  present  in  all 
the  hills  near  Coalgrove,  Forestdale,  and  Sheridan:  in  the  hills  well 
U[)  on  Little  Ice  Creek,  and  also  along  Ohio  River  to  a  point  about 
2  miles  above  iSheridan*  {See  Ph  L)  Beyond  this  point  it  is  hidtlen 
by  the  llood'|)lain  deposits.  Near  North  Kenova,  just  east  c*f  the 
britlge.  no  flood  plain  is  present,  and  a  CT>al  which  may  possibly  be 
referred  to  the  Coalton  bed  lies  nearly  at  the  rivers  edge.  It  is 
about  .V*  feet  below  road  level  and  is  now  worked  in  a  sniall  way 
by  B*  J.  Davidson  and  Will  Dillon.  West  of  the  bridge  a  few  old 
openings  on  tliis  bed  were  observed,  but  they  are  fallen  slnit  and  the 
thickness  of  tlie  bed  conld  not  be  determined.  Just  east  of  the 
Davidson  and  Dillon  openings  the  coal  disappears  below  Ohio  River, 

PfvclopmrnL — This  coal  is  not  now  worked  on  a  commercial  scale, 
but  the  reason  is  evidently  not  the  scarcity  of  materiah  as  there  is 
an  am]de  sujiply  of  good  coal  still  above  di-ainage  level.  The  old 
Sheridan  Company  ceased  operations  more  than  twenty  years  ago. 

*K€*nriHky  G<^ol.  Survey,  vol  C.  1884,  it.  V22. 
*Oblo  OeoL  Survey.  toK  X  pt.  1,  1ST8.  pp.  OIT-^IS. 
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At  present  the  coal  is  of  importance  simply  as  a  souiTe  of  local  supply 
and  lia.s  been  opened  at  many  points  where  its  outcrop  approaclieg 
cii*aina^c  level*  notably  on  Little  Tee  Creek  and  its  branches  east  oi 
Forestdale,  and  in  the  hills  along  Ohio  River  near  Sheridan. 

Charm  tc/\ — The  Sheridan  coal  in  jireneral  ranges  in  tliickneas  from" 
about  3  to  4  feet,  but  in  place*s  exceeds  the  latter  figure.  As  a  rule 
it  ha^j  a  small  bony  parting,  an  incli  or  less  thick,  lying  from  2  to  14 
inches  from  the  rcMif,  The  npper  of  its  two  benches  is  usually  about 
a  foot  thick;  the  lower  or  main  bench  varies  from  2  to  3  feet.  South- 
east of  Lick  Creek  the  two  benches  are  represented  by  a  single  bench 
of  25  to  27  inches  (section  '^,  fig.  1),  Tlie  different  measurements 
of  this  bed  ol>tained  in  this  field  are  given  in  fig.  L  It  is  possible 
that  a  third  bench  exists  in  places,  for  in  Kentucky  this  very  com- 
monly appears.  ^H 

The  Coalton  coal  is  a  hard,  splinty  coal,  breaking  along  charcoaf^fl 
layers  into  slabs,  which  range  from  6  to  8  inches  in  thickness.     It  is 


I 


Ficj.  1. — ScclloiiB  of  Allegheny  coala  In  Ohio.  Coal  Ko.  7:  1,  Elizabeth  Wiae,  Little  Ice 
Creek:  2,  John  Ide,  Sheridan;  3^  WlllJftni  Talbot.  I  mile  southeast  of  Sht^ridan ;  4. 
Henry  Wfarka^  Lick  Creek ;  5,  eaitt  of  Fore^titale.  Coal  No.  6 :  fl,  ttmniry  hank  DortJi_ 
C^f  CoalgnjTe ;  7,  Uftrry  Smith*  north  of  Coatgrove.     Scale,  1  loch  =  r>  fpft 


QortJi^l 
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too  high  in  sulphur  to  make  a  first-class  coke,  therefore  it  wiU  b©  na 
chiefly  as  a  steam  and  tlomestic  coal,  being  well  adapted  for  stove  and' 
grate  use*     The  analyses  of  this  coaK  given  on  page  71,  are  dis-^ 
cussed  on  pages  71-72. 

The  roof  of  the  coal  is  in  some  places  massive  sandstone  and  in' 
tjthers  shale.     The  sandstone  which  overlies  or  underlies  the  coal, 
becomes  abnormally  thick  in  places  and  cuts  it  out  almost  completely^ 
leaving  but  a  few  stringers  of  coal  to  i-epresent  the  bed.     Such  is  ita 
condition  along  the  Ohio  River,  opposite  the  eastern  suburbs  of 
Ashland^,  where  the  sandstone  of  the  lower  part  of  the  Allegheny 
formation  is  abnormally  thick.     For  this  reason  the  coal  is  not  visible 
in  many  places  where  its  horizon  is  exposed.     It  is  reported  also^^ 
to  be  absent  just  west  of  Forestdale,  ^M 

EeohomJr  features. — Owing  to  the  southeast  dips  which  prevail  in 
this  district  the  proper  points  for  opetiing  mines  on  this  coal  bed 
are  on  the  southeast  flanks  of  the  hills.    In  linking  shafts  care  should 
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be  exercised  to  place  them  witli  a  view  to  working  up  Uxe  clip  or  in  a 
northwest  direction.  The  situation  of  the  district  with  res|ject  to 
market  and  triinniportntlon  L-oidd  liardlj  be  improved.  Many  of  the 
hirge  citie.s  of  Ohio  and  Kentucky  lie  within  a  radius  of  lUO  miles, 
and  either  railway  or  the  very  much  cheaper  river  transportation 
h  convenient,  the  Ohio  being  navigable  the  year  around  well  above 
this  point. 

No  estimate  is  attempted  of  the  amount  of  coal  of  workable  quality. 
It  may  be  sufficient  to  state  here  that  the  Coahon  IxhI  underlies  about 
nine-tenths  of  that  portion  <jf  Ohio  inchaled  in  this  quadrangle,  and 
there  is  no  apparent  reason  for  supposing  that  it  will  not  prove  work- 
able in  almost  its  entire  area. 

KEWCABTl.»:  COAl.  OK  OHIO    (WtHaiJOW   €OAL,  0»   NO.  f*,  OF   KISNTUCKIT). 


Extent  and  developmenL — ^The  lower  of  the  workable  coals  in  Ohio 
has  been  called  in  the  State  reports  the  Newcastle  or  No.  5  coal,  and 
is  considered  by  Ortun  and  tlic  Ohio  geologists  as  the  equivalent  of 
ihe  Lower  Kitlaaiiing  coal  of  Penn^^ylvania.  (See  PL  IV,  p,  28,) 
As  it  is  tlie  first  coal  bed  of  importance  above  the  Van  port  (''  Hang- 
ing Rock  '")  limestiuiCj  it  is  locally  called  in  Kentucky  the  ^*  Limestone 
coal,-'  a  mime  which  is  also  applied  to  it  about  Coalgrove,  Ohio.  It 
is  worked  on  a  commercial  scale  at  Winslow,  Boyd  County,  Ky»,  and 
therefore  will  l»e  railed  in  thin  report  the  Winshnv  coaL  It  is  found 
at  varying  distances  above  the  A^anport  limestoncj  but  it  will  average 
40  feet  above  this  bed  and  W  feet  below  the  Coalton  coal.  From  the 
^^ctioits  given  on  page  36  and  in  fig.  1  it  will  be  seen  that  this 
coal  lies  below  heavy  sandstones  at  Coalgrove.  Its  outcrop  is  not 
indicated  on  the  economic  map,  but,  if  drawn,  would  appear  Ik?- 
tween  that  of  the  Yanport  limestone,  represented  in  red,  and  that  of 
the  C'Oalton  coal,  represented  in  l>lue»  It  will  be  seen  that  its  outcrop 
is  not  of  gi*eat  extent,  because  the  eastern  dips  cany  it  below  drainage 
level.  Where  exposed  it  has  Ijeen  opened  in  many  places,  and  it  is 
now  mined  on  a  commercial  scale  near  the  base  tjf  the  hill  northwest 
of  Coalgi'ovt  depot.  Several  country  banks  are  working  this  coal 
near  Forest  dale,  east  of  which  the  cojil  is  lielow  drainage  level. 
Along  the  river  pike  this  coal  has  been  worked  in  a  very  small  way  at 
one  or  two  points,  but  the  linear  extent  of  its  outcrop  here  does  not 
exceed  a  mile, 

Chnrartn\^^\w  two  sections  given  in  %*  1  (p.  -14)  illustrate  well 
the  character  c^f  this  coaL  The  fiiist  section,  obtained  just  north  of 
Coalgrove  depot,  is  more  typical  than  that  measured  at  the  country 
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bank  of  Hari'y  Smith,  as  the  bed  usually  occurs  in  three  benches, 
which  may  vary  as  shown  in  the  following  section : 

General  section  of  Winslow  coal,  near  Coalgrove, 
Sandstone.  Inches. 

Coal 8-16 

Bone   1-  3 

Coal 15-16 

Sbale 4 

Coal 8-16 

The  bed  is  apt  to  be  irregular  in  thickness,  and  the  maximum  fig- 
ures given  above  were  obtained  at  only  one  point.  A  fair  average 
thickness  is  3  or  3^  feet.  The  massive  sandstone  which  overlies  the 
bed  furnishes  an  admirable  roof,  and  little  timbering  is  necessary. 
On  the  other  hand,  this  sandstone  is  liable  to  roll  and  it  may  replace 
the  coal  completely.  The  coal  is  dry,  of  good  quality,  and  well 
adapted  for  heating  purposes.  It  does  not  furnish  a  good  grade  of 
coke,  owing  to  the  presence  of  a  large  amount  of  sulphur,  but  after 
washing  it  is  suitable  for  coking.  The  coal  mined  at  Coalgrove  is 
shipped  over  the  Norfolk  and  Western  Railway  to  Portsmouth,  Ohio. 

BIG   BANDY   VALLEY   DISTRICT. 
EXTENT. 

The  Big  Sandy  Valley  district  includes  that  portion  of  this  quad- 
rangle whose  natural  outlet  is  along  Big  Sandy  River.  It  includes 
all  of  Wayne  County,  W.  Va.,  within  the  limits  of  this  quadrangle, 
except  that  part  whose  outlet  is  along  Twelvepole  Creek;  but  as  this 
small  area  is  of  little  importance  from  an  econv:)mic  standpoint,  it  may 
be  said  that  all  of  West  Virginia  included  in  this  quadrangle  has 
its  natural  commercial  outlet  along  Big  Sandy  River.  This  district 
extends  as  far  west  as  the  ridge  dividing  the  waters  of  Big  Sandy 
from  those  of  East  Fork  of  Little  Sandy  River.  The  northwestern 
corner  of  this  division  is  the  sunnnit  of  the  ridge  between  Shope 
and  Chadwick  creeks,  Boyd  County.  Southwest  of  this  point  the 
boundary  is  a  sinuous  line  along  the  ridge  mentioned,  which  lies 
east  of  Alley,  Bolts  Fork,  and  Estep.  In  this  district  is  included 
Cooksey  Fork  and  Cat  Creek.  From  the  head  of  Cooksey  Fork  the 
line  marking  the  western  boundary  of  the  district  passes  to  the  con- 
fhience  of  Daniels  Creek  and  Blaine  Creek,  thence  along  the  latter 
creek  to  the  south.  It  i)asses  out  of  the  (juadrangle  along  the  ridge 
inunediately  west  of  Rich  (^reek.      (See  PI.  I.) 

STRATK.KAPHV. 

This  district  includes  the  widest  range  of  coals  in  the  entire  quad- 
rangle, comprising,  indeed,  all   the  coal   horizons  here  represented. 
All  tho  coals,  however,  are  \uA  dv.^\v,A<.>YK'vl  iu  this  district  on  a  >vork- 
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able  scale,  and  a  few  beds  appear  not  to  have  been  formed  at  all  in 
places.  On  account  of  the  comprehensive  character  of  the  geologic 
column  the  description  of  this  district  will  serve  as  a  natural  intro- 
duction to  those  w^hich  follow. 

All  the  geologic  formations  represented  in  the  quadrangle,  with 
the  possible  exception  of  those  of  the  Mississippian  series,  are  devel- 
oped in  the  Big  Sandy  Valley.  The  highest  rocks  represented  belong 
to  the  Monongahela  formation.  This  formation  is  only  partly  de- 
veloped and  is  of  very  small  extent,  occurring  in  the  hills  which  carry 
the  Pittsburg  coal  near  the  mouth  of  (iragston  Creek,  Wayne  County, 
W.  Va.  This  is  the  only  locality  in  this  quadrangle  where  rocks  of 
this  formation  are  present.  Its  most  important  member  is  the  Pitts- 
burg coal  lying  at  its  base.  This  is  capped  by  the  Pittsburg  sand- 
stone, which  is  about  30  feet  thick  and  is  very  massive.  The  remain- 
der of  this  formation  is  composed  of  reddish  shales  and  sandy 
sediments.  About  100  feet  of  the  formation  are  still  left  in  the  hills. 
(SeePl.  IV,p.  28.) 

The  Conemaugh  formation  is  completely  developed  in  a  small  area 
in  this  quadrangle  near  the  mouth  of  Gragston  Creek,  Wayne  County, 
W.  Va.,  in  the  deepest  part  of  the  basin.  In  the  tops  of  the  highest 
hills  near  the  mouth  of  this  creek  is  the  Pittsburg  coal  mentioned  in 
the  last  paragraph,  the  floor  of  which  marks  the  top  of  the  Cone- 
maugh formation.  The  thickness  of  the  Conemaugh  is  more  than  300 
feet.  It  is  composed  chiefly  of  shales,  together  with  limestone  and 
a  few  thin  coal  beds.  It  also  contains  sandstones  which,  with  certain 
exceptions,  are  liable  to  be  lenticular,  and  on  this  account  are  poor 
stratigraphic  guides.  The  rocks  of  this  and  the  overlying  Monon- 
gahela formation  are  the  poorest  in  the  area  with  reference  to  coal 
resources,  the  only  really  valuable  coal  associated  with  them  being  the 
Pittsburg  bed,  which  occurs  in  too  small  an  area  to  be  of  great  eco- 
nomic importance.  The  rocks  of  this  formation,  although  a  complete 
section  is  shown  only  over  a  very  small  area,  are  yet  widespread  over 
the  surface  of  this  district,  occupying  possibly  two-thirds  of  the 
entire  area. 

The  Allegheny,  the  next  lower  formation,  is  about  160  feet  thick. 
A  section  of  Allegheny  rocks  may  be  seen  along  the  road  northwest 
of  Louisa  from  a  point  near  the  confluence  of  Canes  Branch  and  Two- 
mile  Creek.  The  massive  sandstone  at  the  top  of  the  Pottsville  is  in 
the  roadbed  at  drainage  level,  and  not  far  away  the  Winslow,  or  No. 
6,  coal  bed  has  been  opened  30  feet  above  it.  At  the  forks  of  the  road 
near  the  head  of  Canes  Branch  one  of  the  lower  limestones  of  the 
Conemaugh  formation  is  present,  witli  another  limestone  40  or  50 
feet  below  it  on  the  west  side  of  the  ridge.  The  Mahoning  sandstone, 
lying  50  feet  under  this  lower  limestone,  is  rather  massive.  West  of 
this  ridge,  as  Blaine  Creek  is  approached,  the  saud^tovkfc  "i^l  \\v^  K^qn^  <A 
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the  Pottsville  becomes  abnormally  maahive  and  thick.  The  ^Vlle- 
gheny  here  loBes  some  of  the  distinctiveness  which  characterizes  it  in^ 
the  northern  part  of  th«  qiuidrangle,  and  its  nppca'  bonndary  is  some- 
\^'hat  doul^tfiil.  Southward  from  the  region  around  Louisa  tlie  rise 
in  the  beds  causes  the  gradual  disappeainnce  of  the  Allegheny  from 
the  JiillH,  North  of  this  point  the  formation  gradually  descends  to 
the  center  of  the  basin,  until  at  Zelda  the  highest  coal  in  the  forma* 
tion  disappears  below  the  flood -phiin  deposits,  A  rise  in  the  bedii 
brings  the  Allegheny  above  drainagi*  Icvt^l  again  north  of  Savage. 
The  formation  is  prest;.nt  in  wliole  or  in  part  in  nearly  all  the  bilk  in 
the  southern  third  of  the  Big  Sandy  Valley  district  and  also  at  the 
north  end  of  the  district  near  the  mouth  of  Big  pSandy  River,  The 
coals  of  the  Allegheny  are  not  ho  well  developed  in  thii^  district  as  to 
the  north  and  west.  The  thickness  of  the  formation  along  Big  Sandy 
River,  north  of  Lfouisa,  seems  to  \w  about  the  same  as  near  Ashland 
and  Coalgrovo,  lt>0  to  180  fee(. 

The  Pottsville  formation  is  well  developed  in  the  southern  part  of  i 
the  district,  and  ft  fairly  good  section  was  compiled  on  the  Chesa- 
peake and  Ohio  Railway,  along  Ijevisa  Fork  and  in  the  surrounding 
hills.    This  section  was  measured  south  of  Louisa  and  is  as  followisrj 

Seetion  of  FotUviU^  tm  LevUa  Fork  aoitth  of  Louisa,  Lawrefice  Count n.  Ajr/, 

Ft       In, 

SanilBtone,   massive,    Horaewood  " ^ ___. 40-60 

Coal  Aci.  4,  Lick  Creek  coal  (Upper  Mercer). 

Ore,  black  band 8-12 

Concealed 20 

Sandstone,    massive ^ 20 

Shale   or   sandstone 15 

Coal  No,  St  Torchlight  (Lower  Mercer). 

Probable   shaly    sandstone 50-J60 

Coal 4-8 

Proi)able    sandstone 21 

Concealed,  but  probably  shaly  sandstone 19 

Concealed .      17 

Sandstone,   laminated •  5 

Concealed .20 

Shale  with  five  small  coal  beds,  the  topmost  of  which 

is  the  so-called  "Little  Cannel  seam  "_ 32      8 

Sandstone,    massive 40-100 

Interval    30it 

Shale,    drab 5 

Shale,    black 3 

Shale,    dark - ^__  4 

Coal    {Sharon?) 1       4 

«  It  is  probable  that  south  of  I^uisa,  where  this  sandstone  is  very  massive  and  ap- 
parently homogeneous  throughout,   it  is  not  wholly  of  true  Homewood  age.     Its  lower 
part  probably  belongs  under  coal  No.  4,  which  was  cut  out  in  places  by  a  thickening  up 
of  the  iot%er  sandstone  member.     In  this  case  only  the  top  should  be  regarded  as  the 
true  Homewood  sandstone. 
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Ft.     In. 

Shale  and  sandstone 5 

Coal    hloom 6 

Sandstone,    massive    (Sharon) 40± 

Shale 10 

Coal    bloom 1 

Shale  and  sandstone 10 

Shale 5 

Limestone,    blue 8 

Shale,    gray 2-5 

Limestone,    blue 1 

Shale,   dark 5 

Sandstone   4 

Shale 3 

Coal   bloom 1-2 

Shale 3 

Coal  bloom. 

Sandstone,    massive 4 

Coal  bloom. 

Fireclay 8 

Sandstone    IJ 

Concealed    20± 

Sandstone,  shaly,  micaceous 10 

It  will  be  seen  that  in  general  the  section  shows  several  massive 
sandstone  groups,  between  which  are  intervals  containing  coals, 
shales,  shaly  sandstones,  limestone,  and  iron  ores,  the  total  thickness 
of  which  is  approximately  600  feet.  The  general  sandy  character 
of  this  formation  is  also  noteworthy. 

In  the  section  certain  Pennsylvanian  equivalents  have  been  inserted 
in  parentheses.  These  correlations  have  been  based  on  studies  made 
by  David  White.  The  bed  worked  at  Torchlight,  known  at  the  Torch- 
light coal  in  this  report,  is  regarded  by  him  as  the  equivalent  of  the 
lower  coal  worked  at  Boghead,  Carter  County,  and  both  the  lower 
and  the  upper  coals  worked  on  Stinson  Creek  at  Boghead  fall  within 
the  Mercer  group  of  northwestern  Pennsylvania.  It  would  seem, 
therefore,  that  the  Torchlight  (No.  3)  and  No.  4  probably  correspond 
to  the  lower  and  upper  Mercer  coals,  respectively. 

The  reference  of  the  group  of  thin  coals,  of  which  the  "  Little 
Cannel "  is  one,  to  the  Sharon  or  No.  1  horizon  is  furthermore  not 
sustained  by  the  paleobotanic  evidence,  according  to  White.  This 
group  occurring  in  the  interval  of  32  feet  8  inches  at  railway  level 
north  of  Torchlight  represents  a  higher  horizon  than  the  Sharon. 
The  coal  underlying  the  massive  sandstone,  which  begins  to  be  promi- 
nent in  the  hills  back  of  Chapman,  is  probably  the  representative  of 
the  Sharon  in  this  section.  At  Gallup  a  lower  sandstone  is  50  to  60 
feet  above  railroad  grade,  and  a  short  distance  north  of  the  store  it 
is  50  feet  thick.    This  is  probably  the  Sharon  sandstone. 
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It  will  be  observed  that  the  portion  of  the  Pottsville  below  the 
sandstone  at  Gallup  (Sharon)  is  characterized,  within  the  limits  of 
the  quadrangle,  by  the  development  of  dark  shales  and  gnarly  cauda 
galli  flags,  including  some  limestones  and  coals  of  variable  thickness. 

THE    COALS. 
HONONGAHELA  COAL  (PITTSBURG  BED). 

In  the  tops  of  the  hills  near  the  center  of  the  basin  there  is  about 
100  feet  of  the  Monongahela  formation.  At  its  base  is  a  coal  which 
is  referred  to  the  horizon  of  the  Pittsburg  bed,  though  it  is  hardly 
comparable  in  thickness  with  this  famous  bed  in  West  Virginia  and 
Pennsylvania.  It  is  nevertheless  a  coal  of  excellent  quality,  and  only 
its  very  moderate  area  of  not  more  than  a  few  acres 
prevents  its  commercial  exploitation.  In  the  hills 
east  of  Lett,  at  the  mouth  of  Gragston  Creek,  it  has 
been  opened  on  the  land  of  Abraham  Thacker  and 
James  Adkins,  and  is  found  to  range  in  thickness 
from  2J  to  4^  feet.  It  averages  about  3  feet  and 
usually  has  a  thin  but  strong  shale  roof  overlain 
FIG.  2.— Section  of  by  massive  sandstone  20  to  30  feet  thick.  The  sec- 
bank  of  James  tiou  obtained  at  one  of  the  openings  on  the  land  of 
Adkins    In    hill     James  Adkins  illustrates  the  character  of  this  bed 

west     of     Center-        ,  n        ,^\ 

viiie.      w.      va.      (see  fig.  2). 

Scale,  1   inch  =  H 

feet.  CONEMATCiH    COALS. 

It  lias  boon  stated  that  the  Conemaugh  formation  is  in  marked  con- 
trast with  that  lying  below,  both  in  the  chj^racter  of  its  rocks  and  in 
(lie  fact  (hat  it  contains  no  workable  coals  and  only  here  and  there 
a  bed  of  iron  ore.  In  the  Big  Sandy  River  Region  this  description 
holds  fairly  good  with  one  exception.  In  the  hills  back  of  Cassvillo 
a  small  coal,  called  by  T.  C  White"  the  Mason  coal,  is  found  in  the 
group  of  sandstones  at  the  base  of  the  Coneniaugh.  It  is  2  feet  thick. 
The  same  coal  bed  has  been  ()j)ened  at  a  few  points  along  Twelve- 
])ole  Creek  a  few  miles  above  Ceredo.  It  is  as  a  rule  so  thin  and  so 
vaL'ial)le  in  its  disti'lbntion  that  it  can  harilly  be  classed  among  the 
im])()rtant  coals  of  the  fnture.  It  has  now  and  may  continue  to  have 
some  h)cal  imj)ortance.  AA'ith  the  excej)ti()n  of  this  bed  the  Cone- 
niaugh formation  is  ])r()bably  devoid  of  workable  coals. 


West   Virginia   (Jool.    Survey,   vol.   L'.    1J>0.'I,   p.   1280. 
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ALLEtiHKNY  COALS. 

SECTIONS  OF  THE  FORMATION. 

The  base  of  the  Allegheny  formation  appears  in  the  hilltops  about 
7  or  8  miles  south  of  Louisa  and  dips  rather  steeply  to  the  north, 
being  very  nearly  at  railroad  grade  at  Eloise  and  a  few  feet  below 
railroad  level  at  Louisa.  There  are  at  least  five  workable  coals  in 
the  Allegheny  in  different  parts  of  this  quadrangle,  but  in  no  single 
district  are  all  these  of  workable  thickness.  Usually  not  more  than 
two  or  three  are  workable  in  any  particular  locality.  This  is  true 
for  the  region  about  Louisa  and  for  the  valley  of  Big  Sandy  River 
as  a  whole.  A  section  obtained  near  Cassville  will  illustrate  the 
character  of  the  beds  in  the  Allegheny  formation. 

Section  at  Cassville. 

Top  of  hiU.  Ft.       in. 

Concealed  and  sandy  debris 15 

Sandstone,  massive 28 

Shale 3 

Shale,  fossiliferous« ^ 4 

Coal 2 

Sandstone,  conglomeratic  in  i)laces,  with  calcareous  nodules 

about  15  feet  from  its  top 53 

Probable  top  of  Allegheny. 

Concealed 22 

Sandstone,  massive 20 

Clay,  flint. 

Shale,  green 1        6 

Shale,  red 1 

Shale 12        6 

Concealed,  but  containing  a  coal  near  the  top 20 

Sandstone,  laminated  or  shaly 1 

Shale,  Siindy 9 

Shale,  greenish,  and  sandy  shale 25 

Coal  smut 2 

Fire  clay,  green 3 

Sandstone 2 

Fire  clay,  drab 1         0 

Shale,  sandy 12 

Sandstone,  massive 4 

Fire  clay 3-1 

Sandstone,  laminated 10 

Limestone  ore,  nodular 1 

Shale 3        0 

Coal  No.  6 1         0 

Fire  clay,  upi)er  i)art  fossiliferous 2 

Shale,  sandy (> 

Coal 1^ 


"  This  shale  is  regarded  by  I.  C.  White  as  the  representative  of  the  lower  Cambridge 
limestone  and  the  coal  underlying  It  as  the  Mason :  West  Virginia  Geol.  Survey,  vol.  2, 
1903,  p.  280. 
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Ft.      In. 
Shale,  green,  fossiliferous 1 

Coal . 5 

Fire  clay 6 

Fire  clay,  siliceous 6+ 

Conceale<l 7        6 

Railroad  grade. 

The  lower  part  of  this  section  was  measured  also  in  the  first  main 
cut  on  the  Chesapeake  and  Ohio  Railway,  about  a  mile  north  of 
Louisa. 

This  section,  which  shows  the  variations  that  may  take  place 
within  a  short  distance,  is  as  follows: 

Section  north  of  Louisa. 

Ft.      in. 

Coal 1 

Sandstone,  laminated 2 

Coal 6 

Shale 3-5 

Sandstone,  laminated *  4 

Fire  clay 6 

Sandstone,  laminated 2 

Limestone,  ferruginous 4-5 

Fire  clay 1 

Sandstone,  laminated 2-3 

Fire  clay,  with  nodular  limestone 1 

Sandstone,  laminated 3 

Limestone  nodules,  intermittent  layer 6 

Shales,  drab,  or  Are  clay 4 

Coal,  changhiit  to  hlack  flint __    _-    6 

Fire  clay _ 2 

CodJ __     1         C 

Shalo,  (lark  fossiliferous ..    4 

Hone   __    -       -             __.._._  (> 

Shale.  (Inil)  fossiliferous.                                    _   ._         .      .  1        Mi 

Coal           _              _            ._     _    .  (i 

Fire  clay,  siiiccM)Us__ .    ._        _.  r> 

Kail  road  level. 

Fireclay,  siliceous _     .            ._ ,*{ 

ConceahMl _ _        _       _-       .S 

Shale,  (Iral) ^ _        rt 

These  two  sections,  obtained  on  opposite  sides  of  the  confluence  of 
Tug  and  Levisa  forks,  illustrate  well  the  character  of  the  coal-hear- 
in<r  rocks  in  this  vicinity.  The  sandstone  member  forming  the  top 
of  the  PottsviUe  is  exjK)sed  at  the  mouth  of  Lick  and  Mill  creeks, 
south  of  Louisa  and  Cassville;  also  at  the  lock  just  a  short  distance 
down  I^i<r  Sandy  Iviver  from  Louisa,  and  at  the  mouth  of  Canes 
liranch.  Its  toj),  tlierefore,  must  be  only  a  few  feet  below  the  flood 
plain  on  which  the  towns  are  l)uilt.  This  statement  is  corroborated 
by  the  evidence  of  the  fossil  j)lants,  examined  by  David  White,  from 
ihe  fossiliferous  beds  indicated  in  the  lower  2)arts  of  the  above 
sections. 
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ZELDA  COAL    (NO.  9). 

Name  and  position. — ^The  Zelda  coal  is  the  No.  ^  of  Kentucky  and 
the  No.  7,  Bayleys  Run,  or  Waterloo  coal  of  Ohio. 

The  highest  coal  of  importance  in  the  Allegheny  formation  in  Big 
Sandy  Valley  usually  occurs  below  a  rather  massive  sandstone  which, 
for  reasons  already  stated,  is  regarded  as  the  Mahoning  sandstone. 
The  coal  below  this  sandstone,  the  Zelda  coal,  is  thought  to  occur  at 
the  horizon  of  the  Upper  Freeport  coal. 

Extent  and  development. — In  the  valley  of  Big  Sandy  River  the 
Zelda  coal  has  been  prospected  at  a  number  of  points.  The  rise  of 
the  beds  up  Big  Sandy  River  brings  this  coal  above  drainage  at 


8  9  10  11 


f9 


20 


22 


Pio.  3. — Sections  of  Zeida  coal  (Upper  Freeport,  Kentucky  No.  9).  Kentucky:  1,  Clifton 
Dean,  near  Zelda ;  2,  Frank  Yates,  near  Catalpa ;  3,  1  mile  north  of  Fallsburg ;  4, 
Matthew  Ilolley,  mouth  of  Cat  Creek ;  5,  1  mile  above  No.  4  ;  G,  C.  C.  Crank.  Falls- 
burg; 7,  west  of  Fallsburg;  8,  John  Bentley,  YatesviUe ;  0,  Wade  Chapman,  Yatesville. 
West  Virginia:  10,  on  Norfolk  and  Western  Railway,  north  of  Miller  Creek;  11,  Alvln 
Stewart,  opposite  Zelda;  12,  mouth  of  Little  Hurricane  Creek;  13,  Christopher  Bellamy, 
Little  Hurricane  Creek;  14,  Elijah  Thompson  and  William  Wellman,  Little  Hurricane 
Creek;  15,  Isaac  B.  Fish,  Tabor  Creek;  16,  John  Thompson,  Long  Branch  of  Tabor 
Creek  (only  main  bench  Is  shown)  ;  17,  Volney  Artrip,  head  of  Right  Fork  of  Hurricane 
Creek;  18,  head  of  Trace  Branch;  19,  20,  21,  near  Bollups  Gap;  22,  Tug  Fork.  Scale, 
1  inch  =  5  feet. 

Zelda,  where  it  has  l)een  opened  on  both  the  Kentucky  and  the  West 
Virginia  side  of  the  river.  Just  south  of  Zelda  20  inches  of  coal 
were  measured  at  the  bank  of  Clifton  Dean  (fig.  8,  section  1).  A 
short  distance  north  of  Dean's  bank  E.  D.  Mihui  has  opened  the  same 
coal.  South  of  Zelda  it  has  been  opened  and  worked  in  at  least  half 
a  dozen  places  near  the  mouth  of  Mill  Branch  and  at  Gurnetts,  where 
it  ranges  from  2  to  8  feet  in  thickness.  Southwest  of  Catalpa  it  has 
been  opened  by  Frank  Yates,  of  Louisa,  48  feet  above  the  railroad 
track,  where  it  measures  a  little  over  4  feet  thick  (fig.  3,  section  2). 
This  coal  has  also  been  opened  near  the  mouth  of  Horse  ford  Creek. 
on  the  property  of  Dr.  John  Berry,  of  Quincy,  Ky.    At  this  point 


only  1  fof»t  of  con  I  is  exfM>sed5  beneath  a  shale  and  sandstone  tool 
but  the  bed  U  reported  to  l>e  3  feet  thick.  South  uf  Fuller,  owing  tq 
the  ri*se  of  tfie  beds,  tin*  nmnsive  Haiidnttme  eapphig  this  coal  may  l)e'" 
seen  from  tlie  raih*t>ad  at  a  few  [joints 5  but  the  coal  underlying  it 
lilis  not  lieen  t»pcned,  except  near  the  heads  of  some  of  the  shorter 
streams  which  flow  into  Big  Sandy  from  the  we>st. 

Fitlhhmy  dktnrL — The  rise  of  the  lx?ds  toward  the  south  brin| 
Uie  raal  bed  above  drainage  level  on  Blaine  Creek  at  the  mouth  of 
Lotig  Branch,  al:M3ut  1  mile  north  of  Fallsburg,    Here  it  has  the  set^ 
lion  indicated  in  fig,  3^  section  3,    A  short  distance  to  the  souths  near 
the  mouth  of  Cat  Creek,  a  section  (4,  fig.  B)  almost  identical  ^iUlH 
section  3  was  seen  at  Mattht^w  Holley's  bank    The  coal  farther  in  the 
imnk  is  reported  33  to  34  inches  where  thielcest    About  a  mile  farther 
up  Cat  Creek  a  section  (5,  fig.  3)  showing  about  2p^  inches  of  coal  ftjr^| 
nislies  added  evitlence  of  the  uniformity  of  the  coal  in  this  vicinity, ~ 
The  following  section  was  measured  east  of  Fallsburg: 

Sec  (ion  ctiBt  ci/  FnlUbftrg- 

Soil,  siiDtay, 

Soil,  cluyey. 

LimestOTw?*  CTlnoldal  -^^_-^„^__^_^ ^^___^ 

Vive  olay^. -^ - ^^— , ^_^^.^__^^^^^ ^-^ ^-^** - 


BMk%   i-eti  and    in^een^ _- 20-25 

Sbale--^ 20 

Clay  _!___ 4 

Sandstone.. 45 

Sandstone,  massive 20 

Coal  bloom,  Zelda. 

This  section  shows  well  the  character  of  the  beds  above  the  2^1da 
coal  in  this  region.  The  coal  at  the  base  of  the  section  has  been 
opened  at  a  number  of  country  banks  in  and  about  Fallsburg,  where 
it  averages  about  2  feet  thick,  as  sections  6  and  7  (fig.  3)  show.  West 
of  Yatesville,  at  the  banks  of  John  Bentley,  Wade  Chapman,  and 
James  Compton,  the  coal  bed  is  reported  as  ranging  from  2  to  3  feet 
and  these  figures  w^ere  verified  in  several  places  (sections  8  and  9. 
fig.  3). 

^Vest  Virginia. — The  sandstone  overlying  the  Zelda  coal  disappears 
below  drainage  level  a  short  distance  north  of  Zelda  and  is  not  ex- 
posed again  until  it  rises  above  drainage  level  on  the  north  side  of  the 
basin  near  Savage,  Ky.  From  this  point  to  the  mouth  of  Big  Sandy 
River  no  coal  was  seen  immediately  below  the  sandstone,  but  in  a 
bed  of  shale,  20  feet  or  so  below,  an  occasional  bloom  was  noticed 
which  may  correspond  with  Crandall's  No.  8,  or  the  Hatcher  bed.  In 
TFest   Virginia,  near  t\\e  moulYv.  ol  Ti\^  S^^wdy  River,  the  basal 
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sandstones  of  the  Conemaugh  are  a  very  conspicuous  feature  in  the 
landscape,  and  in  recent  cuts  along  the  Norfolk  and  Western  Railway 
a  coal  bed  occupying  a  position  corresponding  to  that  of  the  Zelda 
coal  was  observed  near  the  mouth  of  Miller  Creek.  This  is  the  coal 
bed  worked  by  Will  Payne,  a  short  distance  above  the  mouth  of  the 
creek.  It  is  reported  to  be  32  inches  thick  at  Payne's  bank,  though, 
as  will  be  seen  from  section  10  (fig.  3),  it  is  very  badly  split  by  part- 
ings along  the  railroad.  South  of  Xeal  it  disappears  below'the  flood 
plain.  Farther  east,  on  Whites  and  Gragston  creeks,  the  horizon  of 
this  coal  is  above  drainage,  and  in  a  few  places  the  bed  attains  a 
workable  thickness.  Opposite  Zelda,  at  Alvin  Stewart's,  the  coal 
shows  a  thickness  of  very  nearly  40  inches  (section  11,  fig.  3).  About 
Hubbardstown  and  along  Hurricane  Creek  both  this  coal  and  the  next 

...underlying  bed  outcrop  in  several  places.  The  lower  of  these  tw^o 
coals  is  rarely  of  workable  thickness,  but  the  higher  coal  has  been 

'opened  in  several  places  and  shows  a  thickness  of  2|  to  3  feet  and 
more  (sections  12, 13,  and  14,  fig.  3).  About  a  mile  east  of  Hubbards- 
town the  bed  does  not  appear  to  be  of  sufficient  thickness  to  work,  but 
near  the  mouth  and  near  the  headwaters  of  Tabor  Creek  it  has  an 
average  thickness  of  3  feet  (section  15,  fig.  3),  and  in  places,  in- 
stead of  a  single  bench,  consists  of  two  benches,  as  indicated  in  the 
following  section,  measured  at  the  bank  of  John  Thompson : 

Section  at  John  Thompson's  hank,  Tahor  Creek. 
Sandstone  roof.  inches. 

Coal G^ 

Shale  and  fire  clay 37i 

Coal 39i 

Fire  clay. 

Northeast  of  Cassville,  on  the  headwaters  of  Right  Fork  of  Hurri- 
cane Creek,  and  still  farther  northeast,  on  Trace  Branch,  sections  (17 
and  18,  fig.  3)  measured  at  the  country  banks  working  this  coal  give 
a  good  idea  of  its  persistence  and  character.  This  coal  has  also  been 
opened  at  one  or  two  points  on  Mill  Creek. 

The  coal  opened  just  north  of  Bellups  Gap  is  tentatively  referred 
to  this  bed,  but  it  may  be  a  lower  coal.  It  has  been  opened  by  Poley 
Ferguson  and  James  Bellup.  This  is  probably  the  same  coal  opened 
less  than  a  mile  northeast  of  Louisa,  which  has  a  similar  section  (sec- 
tions 19,  20,  and  21,  fig.  3).  The  coal  opened  near  Copley  on  Tug 
Fork  is  also  regarded  as  a  lower  bed  than  the  Zelda  coal  and  may 
possibly  be  as  low  in  the  formation  as  the  Coalton  coal  (section  22, 

Character. — From  sections  of  the  Zelda  coal  given  in  fig-  3,  it  will 
be  seen  that  it  consists  in  general  of  a  single  bench  ranging  in  thick- 
ness from  2  to  3  feet.    It  usually  has  a  thin  black  shale  or  bone  roof. 
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but  is  in  many  places  overlain  by  massive  sandstone.    It  rarely 
ceeds  2i  feet  in  thickness,  and  the  meri.snrenient  of  4  feet  obtained  at 
Frank  Yates'.^  bank,  southeast  of  Catolpa,  is  apparently  local.    The 
coal  is  a  lustrous,  bituminous,  s^niiblock  coal,  with  splinty  partings, 
fmd  is  highly  esteemed  for  smithing  and  domestic  pnrpo.sea    The  chief 
objection  is  to  its  thin  section.    Its  quality  apparently  bears  a  certain 
relation  to  the  thiclniess  of  the  bed,  for  the  thicker  coal  is  reported    , 
to  be  of  poftrer  quality  at  the  head  of  Little  Hurricane  and  Tal>oH 
creeks.    It  is  quite  probable  that  it  will  [)rove  commercially  valuab^* 
at  some  future  tinu?  in  the  uvea  indicated  by  the  solid  outcrop  line- 
(See  economic  map,  PI.  L) 

tK>ALTOlf  COAL  (wo.  7). 

The  Coalton  is  the  next  lower  coal  l>ed  in  the  Allegheny  formation. 
Taken  as  a  whole,  this  coal  is  the  most  important  in  the  entire  qua 
rangle,  but  in  the  valley  of  Big  Sandy  it  is  of  minor  importan 
About  two-thirds  of  a  mik  south  of  Potters  a  coal  referred  to  t 


4 


Pld.  4.^S(>ctl<niH  of  till*  Coo Htm  ana  Wlnslow  poftls  In  Big  Sandy  Hivcr  district.     Coal  No. 
T    l?l:   1,   George  Cooki^ry,   Cnt  I'retk:   2,   Cat   Crt-t-k  ;  3,  Cat    t*ri'fk.     Coivl    No,   7:  *. 
two  thirds  of  a  mik-  mwth  of   Potters.     CoaI   No,   G:  5,  T,  J.  Chapman,   LIek   Ci 
ij,  Jolin  Vaughn,  Lick  Cre*k.     Scale,  1  inch  =  5  feet, 


horizon  outcrops  at  railroad  level,  but  is  thin  (fig.  4,  H^ction  4).    This 
coal  Inis  l>een  worked  ju^^t  north  of  the  station, 

(,)n  Cat  Ciwk,  Ixdow  the  mouth  of  Tliompson  Fork,  a  coal  whic 
is  doubtfully  i^eferretl  to  this  horizon  has  been  oiiened  about  40  to  - 
feet  above  the  road.     It  is  closely  overlain  by  a  rather  massive  san^ 
stone,  anil  in  this  reH]MH>t  resembles  thr  Coalton  coal,  but  the  distar 
below  the  base  of  the  massive  sandstone  forming  the  lowest  nieml^ 
in  the  Oonemiititrh  fonnation  points  to  a  higlier  Ix^d.     It  may  ther 
fore  be  the  next  hi^^lier,  or  Hatcher,  coal.     Along  Cat  Creek  it  is  no^ 
over  50  feet  Mow  the  base  of  the  Mahoning  sandstone,  whereas  tl^fl 
ordinary  distance  below  that  santlstone  of  coal  No.  7,  or  the  Slierida^^ 
bctl,  aroiuul  Ohio  River  is  from  00  t*»  100  feet.     It  is  certain  that  the 
usual  number  (jf  coals  is  not  developed  in  the  Allegheny  rocks  along 
Cat  Creek  Ixdow  the  mouth  of  Thompson  Fork,  as  the  section  in  the 
hUl  between  Cat  Creek  and  Morgan  Kmi  indicates.    The  coal  UBder 
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considerfttion  has  been  opened  on  the  properly  of  W.  A,  Rire,  John 
Cooksey,  Willie?  Roberts,  J.  K.  Chtidwick,  Mrs.  Ainericus  Wood,  and 
Mi's,  Nancy  J.  C^u'ter,  on  Cat  Creek,  and  also  in  t\w  vicinity  of  Yates- 
ville,  Sections  U  2,  and  S  of  fig,  4  illustrate  the  character  of  this  bed 
in  the  valley  of  Blaine  Creek. 

WmSLOW    COAL    (NO.  tJ). 


In  the  section  given  on  jmge  42.  above  the  railroad  level  a  mile 
north  of  Louisa,  there  is  a  bed  of  coal  li  feet  thick  11  feet  above  the 
railroad  track.  In  places  thij^  coal  measures  from  27|  to  21*  inchei^t^ 
with  a  drab  or  blac*k  shale  ro<yf  a  foot  or  two  thick  and  a  cla}'  flfmr. 
It  is  the  same  bed  which  has  Ijeen  opened  in  the  bilk  west  antl  north- 
west of  Louisa  and  is  probably  the  coal  referred  tu  aa  coal  No*  G  in 
CrandalFs  i-eport:  also,  il  is  probably  the  bed  which  is  mined  so  ex- 
tensively abont  Ashland  and  AVinslow,  in  Boyd  County,  and  at  Coal- 
grove,  Ohio.  At  these  different  places  it  is  known  as  the  limestone 
coaL  from  its  position  as  the  first  coal  above  the  Vanport  {"'  Hnnging 
Rock'')  limestone.  Though  it  is  worked  extensively  alx)ut  Ashlandj 
it  has  been  thought  best  not  to  apply  the  name  of  that  city  to  it,  as 
the  coal  next  above  (the  Coaltcm  coal)  is  fi^quently  referred  to  in  the 
Ohio  reports  as  the  Ashland  coah''  It  is  lieing  mined  and  shipped 
from  Winslow,  south  of  Ashland,  and  hence  may  appropriately  be 
known  as  the  Winslow  coah  In  the  Ohio  reports  it  is  usually  termed 
the  Newcastle  cnaL  As  the  first  coal  alHJve  the  Vanport  limestone 
it  corresponds,  in  position  at  least,  with  the  Ix»wer  Kittanning  or 
Miller  l>ed  of  Pennsylvania. 

Though  this  coal  Ix^d  has  lieen  opened  in  many  places  near  Louisa^ 
only  a  few  measurements  could  l»e  obtained,  as  nearly  all  the  lianks 
in  whicli  the  mnl  has  been  worked  have  fallen  shut.  Near  the  month 
of  Twomile  Creek  and  on  Lick  Creek  it  has  lieen  openeil  and  worked 
on  a  small  scale.  This  is  probably  the  coal  opened  by  John  Vaughn 
and  T,  J.  Chapman.  (See  fig.  4,  sections  5  and  fj.)  It  is  reported  of 
workable  thickness  in  the  hills  north  of  Chapman  s  store  on  Three- 
mile  Run,  and  a  few  ohl  openings  on  it  were  seen  at  this  phit^e.  On 
Dry  Ridge  south  of  Irad  it  appears  as  a  small  coal  not  exciH'ding  2 
feet  in  thickness. 

In  West  Virginia,  south  of  Cassville,  it  has  been  opened,  and  32^ 
inches  of  coal  were  seen  at  an  openijig  south  of  the  town.  On  Mill 
Creek  the  coal  has  t>een  opened  nt  a  few  jjoints,  anil  though  the  upper 
part  of  the  l>ed  is  somewhat  injured  by  the  presence  of  bone  and 
shale,  it  usually  contains  a  lower  l>ench  of  bright,  lustrcnis  bituminous 
coal  of  good  quality,  averaging  from  2  to  l\  feet  in  thickness. 
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CAT    C^KKK    COAL    (NO.    5), 

Position.— The  lowest  workable  coal  in  the  Allegheny  formation 
in  the  Big  Sandy  Valley  rlislrict  occurs  below  tlie  Vanport  limestone. 
This  coal  usiuilly  lies  directly  on,  ur  ii  very  few  feet  above,  the  Hunm* 
wood  sandstone.     Where  the  two  sections  given  on  pages  41-42  wei 
measnred,  it  may  l>e  below  the  lowei^t  member  shown  and  hence  n 
uppear  in  the  section.    This  coal  is  regarded  as  the  equivalent  of  thi 
main  workable  bed  on  the  headwaters  of  Cat  Creek,  and  asi  it  probabl; 
jitUiins  its  maximum  development  in  tliiit  region  and  is  generally 
known  in  this  part  ot  Kentucky  as  the  Cat  Creek  Ijeil,  it  will  be  calla 
in  this  report  the  Cat  Creek  coaL    Crandall,  in  his  general  section  ol 
this  part  of  Kentucky,  has  placed  No.  5  coal,  to  which  he  gives  the' 
names  Cooksey  Fork  and  Pennington  coal/'  as  the  tirst  below  the  hori 
zon  of  the  Vanport  limestone,  and  therefore  it  appears  probable  th 
CrandalFs  No,  i>  or  Cookse^^  Fork  coal  is  the  same  as  the  Cat  Creel 
l>ed  of  tliis  report,    Crandall  states  that  this  coal  occurs  30  to  40  fe 
below  the  limestone  ore,  referring  to  the  ore  associated  with  the  Vim| 
port  limestone.    Thia  distance  is  rather  large  for  the  region  about  tin 
head  of  Cat  Creek* 

Extefit  and  de  velopnumL^ About  Louisa  the  presence  of  this  coal 
is  nearly  always  indicated  by  a  Ldoom.    Its  position  above  the  llom^ 
v^^ood  sandstone  is  best  sc^n  in  the  gorge  of  Lick  Creek  near  its  moutlj 
and  on  the  Lick  Creek  pike.    About  2h  miles  southwest  of  Louisii  i 
I;as  been  opened  by  Mordecai  Wikon,  but  the  bank  is  now  fallen  shul 
Near  Osie  coal  has  been  dug,  but  the  bed  is  reported  to  be  thin*     Ii 
West  Virginia,  south  of  Cassville,  this  coal  is  usually  present,  but  i 
thin  and,  as  on  the  Kentucky  side,  is  very  rarely  worked-    A  shoi 
distance  south  of  Louisa  it  is  l^elow  the  flood  plain.     In  the  imme- 
diate valley  of  Big  Sandy  and  its  tributaries  to  the  south  it  will  prob-     , 
ably  not  prove  w^(>rkable  over  any  considerable  area.  ^M 

This  coal  is  the  most  important  bed  on  the  headwaters  of  Cat  Creefc^ 
and  there  and  to  the  west  on  the  headwaters  of  Cherokee  Creek 
and  Dry  Fork  it  attains  its  maximum  thickness  in  this  quadrangle. 
Further  descriptions  and  an  analysis  of  it  are  given  in  connection 
with  the  mention  of  its  occurrence  on  Cherokee  Creek  (p*  103).  At 
the  headwaters  of  Cat  Creek  it  has  not  hmn  developed  on  a  com- 
mercial scale,  owing  to  remoteness  from  transportation.  The  extent 
of  its  outcrop  in  this  local ity  is  limited,  as  the  northward  dips 
carry  it  below  drainage  level  near  the  mouth  of  Thompson  Fork*  | 
On  the  map  its  outcrop  line  in  the  valley  of  Cat  Creek  is  practic-ally 
coincident  with  the  red  line  which  indicates  the  horizon  of  the 
Vanport  limestone  and  its  clay.     It  has  been  opened  by  J 
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Webb,  Andrew  Cooksey,  and  W.  H.  Moore,  and  at  Moore's  bank  the 
following  section  was  measured : 

Section  of  Cat  Greek  coal  bed  at  hank  of  W,  H,  Moore. 

Shale,  black.  Inches. 

Coal 1* 

Bono 4i 

CoaJ 17i 

Hone i 

Coal  -_     24 

A  thickness  of  4  feet  10  inches  to  5  feet  is  reported  from  other 
country  banks  in  the  immediate  vicinity..  In  some  places,  at  least, 
this  coal  is  sufficiently  thick  and  free  from  impurities  to  make  it 
valuable,  but  in  other  places  it  is  so  badly  split  up  by  impure  part- 
ings that  it  will  have  little  value  except  for  country  trade.  The 
following  two  sections  illustrate  this  impure  phase: 

Sections  of  Cat  Creek  coal  bed. 

Inches. 

Shale,  black,  containing  small  stringers  of  coal 1 

Coal -. U 

Shale,  black ^ 4 

Coal 5 

Shale,   black 12 

Coal  and  shale 4 

Coal . 4i 

Bone 1 

Coal : ^    0 

42 

Shale,  black. 

Coal 4 

Shale,  black 19 

Coal 2 

Hone 1 

Coal 1 

Bone i 

Coal S 

Bone  or  coal i 

.   Coal U 

Clay. 

The  fact  that  it  has' a  good  section  on  Cat  Creek  and  shows  well 
on  Cherokee  Creek  is  sufficient  evidence  that  this  coal  bed  is  well 
worth  careful  attention.  It  should  be  prospected  with  a  diamond  drill 
in  the  intermediate  territory  before  actual  operations  on  it  are  begun. 

47008—08 4 
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Character. — The  Cat  Creek  coal  is  of  excellent  quality  and  wh€ 

not  biidly  qilit  up  gives  inudi  satisfaction  as  a  domestic  fuel,  beii 
haukd  jiiany  miles  into  the  surraunding  country* 

rOTTSVlLLE  CX)A1^. 
I.ICK    CREEK     (IVO,    4), 

Extent  and  dect'l'OpniefiL — Tho  iiighest  coal  in  the  Pottsvillc  ia 
from  55  to  75  feet  above  the  Torchlight  bed.  It  is  locally  known  as-l 
the  '*  5- foot  vein  ^-  but  is  j^ometimes  called  the  '"  Big  vein  *'  and 
probably  correspondt^i  with  coal  No,  4  of  the  Kentucky  Survey.  Its 
maxiiuuni  development  is  in  the  hills  east  of  Lick  Creek  and  betwe-en 
Lick  Creek  and  Levisa  Fork,  and  it  may  Ix*  conveniently  designated, 
therefore,  the  Lick  Creek  eoah  From  the  fact  that  it  overlies  thti^ 
Torchlight  bed  it  occurs  over  a  smaller  territory  above  drainage  level, H 
and  ]H  not  found  as  far  south  in  the  hills  as  the  Torchlight.  Though 
locally  thicker  than  the  coal  beUnv,  it  will  probably  not  Ix^  fouiul 
so  persistent  and  uniform.  It  has  been  prospected  by  the  Torch- 
light Coal  Company  between  Thrceniile  Creek  and  Levisa  Fork,  where^l 
it  jjroves  to  be  of  workable  thickness,  and  in  this  region  it  is  about 
00  feut  above  the  Torchlight  bed.  East  of  Threemile  Creek,  prospects 
have  been  opeued  on  it  on  Donithon  Jiranch,  where  it  is  also  workv 
able.  In  West  Virginia  the  coal  at  this  horizon  does  not  appear  to 
be  of  workable  thickness;  at  least  n<t  openings  were  observed  on  it. 
West  of  IJck  Crec^lc  tlie  hoiizon  is  marked  by  ii  coal  bloom  or  smut, 
but  in  no  place  has  it  been  found  sufficiently  thick  to  work  profitably 
except  for  local  purposes.  It  has  been  worked  for  family  use  at  one 
or  two  points  on  San  Branch  near  Irad  and  also  one- fourth  of  a  mile 
below  the  point  where  Little  Blaine  Creek  enters  Big  Blaine.  So  far 
as  known  the  coal  has  never  been  worked  on  a  commercial  scale  in 
Big  Sandy  Valley.  In  this  district  the  most  promising  field  in  which 
to  prospect  for  this  coal  is  in  the  hills  along  Levisa  and  Tug  forks, 
south  of  Torchlight. 

Character, — Sections  obtained  from  this  bed  are  shown  in  fig,  5. 
The  section  obtained  at  the  head  of  Lower  Gavitt  Creek  on  the  prop- 
erty of  the  Torchlight  Coal  Company  differs  strikingly  from  the 
remaining  three,  obtained  from  test  drifts  of  the  Louisa  Coal  Com- 
pany in  the  hills  between  Lick  Creek  and  Levisa  Fork,  just  west  of 
Torchlight.  The  upper  20  inches  of  the  coal  on  Lower  Gavitt  Creek 
appear  to  be  much  broken  up.  The  lower  benches,  which  average 
about  19  or  20  inches,  are  separated  by  a  small  clay  parting.  In 
places  the  upper  bench  consists  of  clean  coal,  giving  the  three  benches 
as  in  the  Torchlight  bed.  The  coal  is  also  reported  with  three 
benches  on  the  headwaters  of  Donithon  Creek,  but  here  the  upper 
bench  is  slightly  thicker  than  either  of  the  two  lower.    The  section 
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measured  by  C>  M.  Weld  for  tlie  Torchlight  Coal  Company  shows 
this  charactt*r  iis  follows: 

Sef^Htm  of  LU^k  Vrcik  rotil  bed  nt  tfir  htad  of  Oj^  Uutlow^  DonithoH  Creek. 

Parting  .^_^ ^ ^^_^_^„.^^ — ^ . ._   ._     6) 

ami ^ _.._^— ._„.. .___ __ 18 

Cottl  .^-. . ., ^ -- ^ -^ :. .. 12 

63| 


10 


12 


M 


Fta.  n,"S«?otrotis  of  hlglier  Pottsvlllr  coals  In  Big  Siindy  Valley  district.  Lick  Cre«k 
t'Ottl  {KeoUifky  Nw.  43  ;  1.  TorciiUKlit  Coal  roiujijinTi ,  Ixiwor  CJavItt  Creek;  2,  3.  4» 
l^^iUl^n  TiimI  *'f)iniiuTiy,  Iw^wH-tj,  Lk'k  rr(*c'k  and  Lt'vlsa  Tork,  TorcbllEht  coal  nKpn- 
furkj-  No,  3)  :  '».  TorcTilight  Coitl  L'omiirtuy,  Isoad  of  I^wer  Oavitt  rrec?k ;  a»  nilnt'  of 
Torchlight  Toal  f>jmf»wn>  ;  T»  Threetnllp  Creek;  %  Andrew  New,  opposite  fwest  of) 
Turclilight ;  0,  opening  nwrth  *il  Ko-  8*  10,  IJeary  Co^^brane,  Lick  C(-c><*k :  IL  I^'fl  Fork 
Uu\v  Uluriiii  Crwk:  ri,  m«h\  Fork  Litlle  Blaine  Owk  ;  LX  Kelly  Fmiley,  Rlsht  Fork 
hUWv  mnhiv  Creek:  14,  Aiidr«?w  llayea.  Eight  Fork  Little  Blain<?  Cre<?k.  Scale,  1 
iBPh^r*  feci. 

In  the  hiUs  along  Threemik  Creek  this  c4miI  w  ill  probably  average 
lH.»t%veen  3  and  4  fet^t* 

West  of  Levisa  Fork,  on  the  property  of  the  I^oiiisR  C^oal  Company, 
this  coal  tliickeiis,  as  will  bi^  n^'ini  from  lig.  5,  sections  2,  3,  and  4.  In 
g«?neral  the  coal  in  this  vicinity  is  irregular,  but  consists*  where  ob- 
served, of  two  main  bt^nches  sepandeil  by  a  clay  parting  varying 
from  a  few  inclies  to  5  fec*t.  The  coui  soiitli  of  the  prosi>ect  pits  of 
this  company  is  reputed  to  l>e  very  irregnlar  and  of  ^^^x  q^v%\\V^  ^Vsv^ 
these  slatementa  can  not  be  corroborated  by  ftk'S  ^x\\ji£Y^%aiiXQ^^^^^^'^  j 
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^en  of  it  at  any  point.  West  of  Lick  Creek,  nlHint  on(*-half  mile 
above  the  mouth  of  Ehubens  Branch,  the  coal  measures  aljout  2  ftset 
on  tTit*  outcrop  iu  a  wdl-expo^^eit  sccLion  dtowiug  the  top  of  the  Potts- 

ville  and  the  Alleglieiiy,  as  folhnvi^: 

HUlioji,  T'l.      m. 

8ba  h\   red—. „.„___-  ._«^_, , -^—- 3«l 

SHrjtlstont* „-.->,    ^^^^, - ^^ ^,.^_^»_  2(1 

Shale,    rcd._.™_. _,.._____. _^..- ^^_,_..  20-20 

Beneb. 

Rnii<lston€%  ahaly_,..-  .   „^^„, __*. . — — .-.-  IS 

inhale,  Miidy^ .^  .  ^^-^ _^*^__^^__^*„^.,  1*5 

fSoudsitone,  liliHly — — — -,*^ ^,^^^__^.„-i_. — ^^  6 

f^haW,  Ught  oUve .^^ ______.^ ^_^^^^ ^^^  7 

Clay,  \vhlte_— ^^ .^^^ ^ .-^, ^ — . 1 

Rail,  fcrruglnOTiB  c}Rj^y _^ .._^_.  3<) 

SlmJe,  ^wly — .^  l' 

Siindsttone^  eonrse,  yellow,  aHissU*^. _ .    .  .  15 

Sbfile .-^^^„ ,^_ ^  10 

CTiay  w[th  iron-cire  Tji^1nlt»s^^,,.,__^ ,, ,^^^^ ^*  ^ 

f^bali^.  blaek   (eowir) ^-^ ^^^- - 2-^ 

Sba  ie,  d  ral)  ___^^ ^^^  .  _  > ^, .  .^>— ,^^^.. ,  ,^ 7 

Shale,  rairple*^ .^.^ .^^ — ^-^__,^_^_^ — ^  5 

SaiuiBtinie ^,..,^^ — ^, ^ — „_, ._  S 

Coai  lA^o.  5 12 

Sandstone,  laminated 15 

Coal  No,  Jf  (Lick  Creek  coal) 24 

Sandstone,  massive 25± 

Coa^  No.  3, 
Sandstone,  massive. 


This  section  indicates  the  erratic  character  of  the  Allegheny  and 
shows  how  difficult  it  is  to  locate  its  exact  upper  boundary. 

The  massive  sandstone  at  Bussey ville  marks  the  top  of  the  Potts- 
ville  formation.  This  sandstone  rises  in  the  direction  of  the  forks  of 
Little  Blaine  Creek,  and  a  short  distance  below  the  residence  of  L.  D. 
Pigg  the  coal  appears  above  drainage  level  and  has  been  opened  about 
15  feet  above  the  road  to  the  left.  A  short  distance  beyond  the  same 
coal  shows  a  section  as  follows  at  F.  E.  Bussey's  bank : 

.Section  of  coal  hcd  at  F.  R.  Bussci/h  hank,  near  BusseyvUle. 
Sandstone,  massive.  Inches. 

Coal  and   black   shale 30 

Sandstone  lentils,  sometimes  absent 2 

Shale  and  bone 10 

Coal 5 

Shale,  drab  fissile 22 

Coal 15 

Bone "^ 
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Incbes. 

Coal 2 

Bone 2 

Coal 15-f 

About  60  feet  below  this  coal,  at  road  level,  is  the  bloom  of  another 
and  lower  coal,  which  has  been  opened  by  L.  D.  Pigg  in  the  hill  to  the 
west.     This  coal  has  a  section  as  follows: 

Section  of  coal  bed  opened  hy  L.  D.  Pigg  near  Busseyville. 

Inches. 

Llmonite,  nodular 4 

Shalo 19 

Bone 3 

Coal > 4 

Shale 19 

Bone 4 

Coal 7 

These  coals  are  believed  to  be  above  the  true  Torchlight  coal,  which 
shows  as  a  bloom  at  the  road  corner  at  the  confluence  of  Left  and 
Right  forks  of  Little  Blaine  Creek.  It  is  possible  that  one  of  these 
two  beds  represents  the  Lick  Creek  coal  and  that  the  other  may  rep- 
resent a  new  bed  in  the  section.  It  is  also  possible  that  these  coals 
may  represent  the  two  benches  of  the  Lick  Creek  coal,  the  parting  of 
5  feet  of  clay  in  the  region  east  of  Lick  Creek  having  expanded  to  60 
feet  farther  west.  The  data  on  this  point  are  not  sufficient  to  make 
it  absolutely  certain  that  these  two  beds  represent  the  two  benches  of 
the  Lick  Creek  bed,  but  the  w^riter  is  inclined  to  this  view.  Neither 
of  the  two  coals,  where  seen  outcropping,  is  of  commercial  importance. 

AVhere  the  Lick  Creek  coal  is  of  workable  thickness  it  is  of  a  bright, 
hard,  bituminous  variety,  with  occasional  bands  of  splint  or  semi- 
cannel  coal.  The  upper  of  the  two  lower  benches  appears  to  be  the 
more  uniform,  but  in  places  the  lower  may  probably  be  worked  with 
it.  Locally,  however,  it  is  badly  split  by  bony  partings.  At  many 
points  between  Levisa  Fork  and  Tug  Fork  all  three  benches  may  be 
worked  if  sufficient  care  is  exercised  in  separating  the  clay  and  bone 
partings.  As  a  rule  the  roof  of  this  coal  is  formed  by  shale,  but  in 
some  places  the  base  of  the  massive  Homewood  sandstone  extends 
down  practically  to  its  top.  The  following  analyses  indicate  the 
character  of  this  coal : 

Anali/scH  of  Lick,  Creek  coal, 

1.  2. 

_.  ___        . I  ' 

Moisture 6.00  0.97 

Volatile  matter ,  32.40  32.70 

Ptxed  carbon-- - 07.40  55.69 

Ash 4.20  9.58 

Sulphur 049  1.05 

1.  Furnished  by  J.  II.  Xorthup,  of  Louisa,  Ky.,  from  a  sample  collected  at  the  head  of 
Donithon  Creek.  ^     ^ 

2.  Furni-shed  by   A.   ('.   Collins,   of   the   Louisa   CoaY  eom\)BLTi^.     0\Xq  ^\\\Xv,  iJcaaX^'eJ^ 
Sulphur  is  included  in  the  total. 
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The  foregoing  analyses  *sho\v  a  good  coal  of  the  bituminonsi  g:rade,l 
oiiTeBponding  favorably  with  much  of  the  Pittsburg  coal  of  western 
Pennsylvania.     It  contains  a  rather  higher  percentage  of  volatile 
matter  and  correspondingly  lower  lixed  carbon.     On  account  of  itii       i 
hard  and  somewhat  splinty  diaracter  it  will  bear  traoj^portatioii  and  ^M 
stocking  welL     It  is  doubtful  whether  it  will  prove  to  l)e  a  good  ™ 
coking  coalj  but  experiments  with  regard  to  this  point  have  not  Ijeen 
made. 

TOSCHX-iyilT   COAL    (1^0.   3), 

A^arm, — The  next  lower  workable  coal  in  the  Pott^ville  group  is 
perhaps  the  most  important  of  all  the  beds  thus  far  developed  on  the 
upper  waters  of  Big  Sandy  River  and  its  tributaries  in  tliis  quad* 
rangle.  In  the  Kentucky  reports  this  coal  is  known  as  Ko.  3,  or 
McIIenry  coal,  tlie  latter  being  the  name  of  the  property  on  which 
the  coal  was  first  worked  on  any  niarked  scale.  In  this  description, 
it  will  be  refer rtid  to  as  tlie  Torchlight  bed,  fnim  tlie  fact  that  the 
Torchlight  Coal  Company  has  worked  it  more  extensively  than  any 
other  company  at  Torchlight,  on  the  Cliesapeake  and  Ohio  it^iilway 
fi  miles  south  of  Louisa,  and  opposite  tlie  old  Me.IIenry  projieny  on 
the  west  side  of  Levisa  Fork.  It  is  locally  known  also  as  the  ^^  Check 
House  vein/'  It  corresponds  to  the  Lower  Mercer  coal  of  Peim* 
sylvania. 

Extent, — The  Torchlight  coal  first  appears  above  drainage  level 
on  Throemilo  Ci^ek  near  the  Threcmile  schoolhouse,  and  is  rei^oHed 
on  Levisa  Fork  near  the  bed  of  the  creek  just  north  of  the  railroad 
bridge  at  Walbridge,  It  is  probably  present  in  aU  the  hills  south  of 
these  points  in  the  territory  included  between  Tug  and  Levisa  forks 
and  also  in  West  Virginia.  East  of  Threemile  Creek,  however,  it 
does  not  seem  to  have  been  extensively  prospected  and  little  seems  to 
be  known  about  it.  In  the  hills  between  Threemile  Creek  and  Levisa 
Fork  it  has  been  fairly  well  prospected,  and  this  is  also  true  of  the 
territory  lying  between  Levisa  Fork  and  Lick  Creek  to.  the  west.  It 
is  present  in  the  hills  along  Left  and  Right  forks  of  Little  Blaine 
Creek,  but  owing  to  northward  dips  disappears  below  drainage  level 
a  short  distance  north  of  the  confluence  of  these  two  forks.  A  refer- 
ence to  the  map  (PI.  I)  will  show  the  outcrop  of  this  bed  so  far  as 
it  is  known  to  be  of  workable  thiclaiess. 

Development. — This  coal  was  first  opened  at  McHenry's  bank,  on 
the  west  side  of  Levisa  Fork  opposite  Torchlight.  Since  then  it  has 
been  developed  on  a  commercial  scale  by  the  Torchlight  Coal  Com- 
pany at  Torchlight.  During  the  summer  of  1905  the  mine  was 
closed,  but  it  started  up  again  in  the  following  spring.  In  the  hills 
west  of  Levisa  Fork  this  coal  has  been  faced  in  several  places  by 
the  Louisa  Coal  Company  to  ascertain  its  possibilities.    It  has  also 
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Yie^n  opened  by  Andrew  Xew  and  others  northwest  of  TordiHghL 
On  Lick  Creek  several  .small  country  banks  have  l>een  opened  ajid  a 
small  nmount  of  coal  has  been  i-emoved  for  the  count ly  trade  by 
Richard  Childers,  Henry  Cochrane,  and  others.  On  Left  Fork  of 
Little  Blaine  Creek  this  coal  appears  to  have  a  section  simihir  ti^  that 
in  tlie  region  abont  Torchlight.  It  has  lx*en  o|:>ened  at  a  few  places 
along  this  creek  a  short  distance  south  of  its  confluence  with  Right 
Fork. 

Along  the  pike  east  of  Adams  it  is  foimd  well  up  in  the  hiDs  on 
the  south  side  of  the  creek  and  near  road  level  on  the  north  side, 
owing  to  tlie  steep  ilips.  It  lias  been  opened  in  this  region  ]>y  Kelly 
Frailey,  ^\jidy  Hayes,  and  others*  It  is  possible  that  the  coal  opened 
by  James  Adams  west  of  Adams  rorresponds  to  the  Torchlight  bed. 

Character, — Ten  sections  of  the  Torcliliglit  coal  are  represented 
in  fig,  5,  It  will  be  seen  from  these  sections  that  the  coal  bed  is 
somewhat  variable.  In  places  it  occurs  as  a  single  Iwnch,  as  at  the 
bank  of  Riehard  Childers*  on  Lick  Creek,  where  37  inches  of  clean 
coal  were  measured^  but  usually  it  consists  of  two  or  thi-ee  Ijenches. 
As  a  rule  a  clay  parting  separates  the  top  benches.  This  clay  part- 
ing is  in  general  of  knife-edge  thinness  (sections  u,  U,  8,  9^  11^  fig,  5)^ 
and  is,  perhaps,  entirely  cut  out  in  some  places,  as  at  the  Henry 
Cochrane  and  Kelly  Frailey  banks  (seetions  10,  13,  fig*  5),  on  Riglr 
Fork  of  Little  Blaine  Creek.  It  rarely  attains  a  tlitckness  of  ai! 
inch,  though  in  exceptional  cases  it  may  exceed  this  measurement, 
as  at  an  opening  of  the  Torchlight  Coal  Company  on  Threemile 
Creek,  where  a  parting  of  3  inches  was  measured  (section  7,  fig.  o). 
The  third  or  lowest  l>ench  ranges  fi*om  less  than  (ij  to  over  14  inches 
in  thickness*  It  is  separated  from  the  middle  bench  by  a  persistent 
b4>ne  parting  averaging  3  to  4  inches. 

The  coal  in  this  bed  is  of  both  the  splinty  and  the  soft  bituminous 
varieties.  The  top  bench  above  the  clay  parting  is  usually  soft.;  the 
middle  iKmch*  though  generally  (*f  suft.  lustri*us  Ijitumiiious  coal,  in 
many  places  contains  hard,  splinty  layei*s  and  is  therefore  slightly 
harden  The  lowest  beneb  is  as  a  rule  of  hard,  dull,  splinty  coal,  and 
serves  as  an  excellent  base  for  pillars  in  mine  working.  This  bench 
is  also  drilled  before  shooting.  In  mining,  all  three  benches  may  be 
worked  and  the  bone  or  '*  niggerhead  "  lietween  the  two  lower  benches 
removed  by  hand  iiicking.  The  roof  of  the  coal  bed  varies.  It  is 
in  some  places  shale  and  in  others  massive  sandstone.  The  shale, 
wliere  present,  ranges  in  thickness  from  a  few  feet  up  to  15  feet, 
more  or  less,  and  sometimes  gives  much  trouble  in  mining.  The 
r(M>f  of  the  coal,  whei¥  it  is  composed  of  shale,  has  to  be  carefully 
watched  and  rather  heavily  timlxM'ed  to  avoid  falling  ami  '*  cref;p- 
ing/'  On  this  account  mining  with  a  shale  roof  is  attended  with 
more  danger  and  expense  than  where  the  coal  is  overlam  Vi^  'sa.^^- 
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!>U>ne,     Above  the  layer  of  shale  there  is  usually  a  very  massif 
hsaiidstone  of  varying  thickness,  which  serves  as  one  means  uf  idenu- 
fying  thi,s  bed. 

Below  thi!  lowermost  worked  bench  there  are  in  many  places  on 
or  two  smaller  benches  of  eoal  separatt^d  frofn  the  main  bed  by 
fire  clay  or  bone  parting  (secthins  G  and  7,  fig,  5),    These  are  neva 
luiiied    The  true  fiuor  of  the  eoal,  as  a  rule,  is  clay.    A  few  analy 
of  this  coal  are  as  follows : 

Aufifi/MtM  ttf  Tfirchliffht  cotiL 


* 

1. 

2. 

S. 

A. 

&, 

Moiahirc. ^ 

36.  TO 
0.12 

i.oe 

tM 

18, a 

3T.7tt 

1,00 

as,  17 

MM 
1,21 

l»3 

ynlft1l|f%rfiftt^^_    , 

HaM 

^M 

Sulphur 

•^ 

1,  Sample*  fron^  McIIenry*«  coal  bimk.  Lawr^Jic^  County*  Ky*     ReiJfiri  011  tli#  «40t7^ 

coal  fiold  :  KpDtufky  ih^o\.  Survey,  vol.  C.  p.  IS.     ftobtTt  l»**trr  zind  MP.  TiiIIhK*  nottlyslR. 

2,  Torch  light  Coil  I  Company'*^  mine.,  siecond  en  try.     Ulckptrtf  &  Biink?i,  *mily«ls. 
a.  TorLiiligbt   Coal    Conipany's   property   on   IjJWt'r   OiC\ttt    rr«*k.      OLicketts    &    UunK 

iiiittlyfils. 

4.  TorcJiilght  Coal  Campauy,  Fivemlle  SboRL     Itlck<*ttf5  A  rtnoki^,  H»i»Iyst3, 

n.  rrct|j  i-oal   from   liiU  hrtwf^i^n    Levlsii   Fork  and   Lick   Cr(^i?k  |irti|><*rty  of   the   Ijsmh 

Coal  Company.     Otto  Wuth.  aoalyfit/-  Sulphur  Is  Included  lu  the  totaL 

From  these  analyses  it  will  be  seen  that  the  volatile  matter  avci! 
ages  about  35  per  cent  and  the  fixed  carbon  approximately  45 
cent.    The  ash  and  sulphur  are  comparatively  high,  especially  in  the 
samples  aunlyxe<l  by  Ricketts  k  Banks  for  the  Torchlight  Coal  Com^J 
pany.    The  lower  and  <lirty  benches  were  probably  incbided  in  tb^| 
samples  analyzed  by  this  firm,  but  in  the  mining  of  the  three  uppi^r^* 
benches  this  material  would  probably  serve  as  a  fhH*r:  or,  if  it  wi- 
found  necessary  to  remo^^e  it,  it  could  l)e  picked  out  and  gobbed,  a 
the   main    and   clean   benches   sliot    down    from    above.     The    ma 
benches  would  yield  from  2|  to  4  feet  of  fairly  clean  coal;  on 
average,  perhaps  about  3  feet.     With  this  figure  as  an-  average, 
yiehl  per  acre  may  l>e  conservatively  placed  at  3,500  tons-     Froi 
the  sections  of  the  coal  given  in  fig.  5,  it  will  be  seen  that  tlie  dan 
of  introducing  unduly  hirge  amounts  of  ash  into  this  coal  durin?: 
the  course  of  actual  mining  is  very  great,  and  the  amounts  of  asli 
represented  in  analyses  1  and  5  are  perhaps  btdow  what  would  h^U 
found  in  practice.     If  tlie  entire  IxhI — that  is,  the  three  main  to^H 
I>enches^s  to  be  mined  and  ,successfidly  marketed,  pains  must  be 
taken  to  eliminate  the  bone  and  clay  where  they  are  of  abnormi 
thickness*    This  may  be  accomplished  either  by  hand   picking 
slow,  tedious  method  and  one  whit^h  in  the  hands  of  miners  is  liahl 
to  lead  to  injury  both  to  tlw  reputation  of  tiie  company  and  to  t 
coal— or  by  washing.     The  expense  of  the  hitler  operation  ouglit  n\ 
to  exceed  from  5  to  7  cents  per  resulting  ton  of  coal.     In  no 
vrouh]  it  ai>pear  advisable  to  mine  any  coal  below  the  lower  spli 
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LOWER   COALS. 

Extent. — The  lowest  coals  developed  in  this  district  are  those 
nearest  its  southern  edge,  as  the  rise  of  the  beds  to  the  south  brings 
up  successively  lower  horizons  toward  the  southern  edge  of  the  quad- 
rangle. Certainly  the  lowest  exposed  coal  beds  in  the  entire  quad- 
rangle occur  in  the  section  southwest  of  Gallup.  As  will  be  seen  from 
the  section  of  the  Pottsville  formation  on  pages  38-39,  and  from 
the  sections  on  PI.  IV  (p.  28),  four  small  coals  are  found  below  the 
Sharon  sandstone.  None  of  these  coals  has  ever  been  worked  in  this 
quadrangle,  though  one  of  them  measures  24  inches  at  one  point. 
Between  the  Sharon  and  the  next  massive  sandstone  above  is  about 
50  feet  of  shale  with  two  small  coal  beds.  The  highest  of  these 
coals  has  been  worked  near  a  sharp  bend  in  the  railroad  track  south 
of  Torchlight.  Where  measured  on  the  outcrop  this  coal  is  16 
inches  thick.  The  sandstone  above  it  was  formerly,  though  prob- 
ably erroneously,  correlated  with  the  Sharon  sandstone  seen  on  Ever- 
man  Creek.  About  2  miles  south  of  Torchlight  there  is  at  this  hori- 
zon 100  feet  of  almost  continuous  sandy  beds  with  two  slight  breaks 
near  the  middle.  Above  this  massive  member  are  several  small  coal 
beds  in  an  interval  of  30  to  35  feet.  A  detailed  section  of  this  group  of 
coals,  measured  near  the  mouth  of  Lower  Gavitt  Creek,  below  Torch- 
light, is  as  follows : 

Section  of  coals  at  the  mouth  of  Lower  Gavitt  Creek,  Lawrence  County,  Ky. 

Ft.     in. 

Shale,  black,  and  clay 2     2 

Coal 1                                                                                           r  1     7 

Parting-  **  Little  Cannel  " J  I 

Coal J                                                                                      [  2 

Sandstone,   laminated _.   10 

Coal 1 

Shale,  sandy,  or  fire  clay 2-3     8 

Coal 2     5 

Shale 2    5 

Coal 3 

Shale,  drab  to  dark 2 

Coal 1     8 

Shale,  black,  and  fire  clay 2    3 

Slate,  black,  and  bone. 

Fire  clay 3 

Bed  of  creek. 

The  uppermost  of  these  coals  is  workable  over  a  considerable  area 
in  the  southeast  corner  of  the  quadrangle  and  may  be  looked  for  at  a 
distance  of  about  140  feet  below  the  Torchlight  coal.  It  is  present 
in  the  hills  along  Levisa  Fork  and  Threemile  Creek,  gradually  rising 
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■  from  railroad  kvel  at  the  mouth  of  Lower  Gavitt  Creek,  just  be- 
I  low   Torchlight  station.     West  of   Levka  Fork   thit^  coal  appear 
I  above  drainage  level  near  the  head  of  Lick  Creek,  the  group  of  coal 
I  blooms  ill  which  thts  **  Little  Caiuiel ''  belongs  ap^jearing  near  thel 

■  summit  of  llie  ridg^j  in  the  road  at  the  head  of  Lick  Creek.     Tlie 

■  character  of  the  ctm\  in  this  vieiiiifry  ctnild  not  lye  determined,  owing 
I  to  the  fact  that  it  has  not  been  opened,  but  west  of  the  Left  Fork  of  ^ 
I  Little  Blaine  it  haH  l>een  opened  in  a  few  phiceji  near  the  level  of  tin 
I  creek  and  is  of  workable  thickness,  thongh  badly  split  up  by  bone  and 
^L  fire-cla}^  partings, 
^^p        On  Right  Fork  of  Little  Blaine  the  lithologic  succession  is  not  S4 

characteristic  as  to  the  eastward.  Near  Adams  a  massive  sandstone' 
appears  above  the  bed  of  the  creek  and  rises  giiichiallj  to  the  south  up 
the  creek*  On  the  hill  southeast  of  Adams  a  distinct  coal  blossonil 
may  be  seen  close  to  the  top  of  this  sandstone  witli  the  shale  above 
it.  The  sandstone  underlying  this  coal  uuiy  Ik^  traced  with  hardly  a| 
bi"«ak  up  the  creek,  and  alxjut  three- foil rths  of  a  mile  south  of  .Vdam^l 
the  coal  directly  above  it  is  Avorkeih  Instead  of  lieing  overlain  by 
shale,  as  at  AdamSj  it  is  now  capped  by  a  very  massive  sandstone,  and 
the  coal,  as  nearly  as  can  be  estimated,  is  about  110  feet  below  the 
Torchlight  bed,  and  is  regarded  tentatively  as  of  the  '"^Little  Can- 
nel  ■'  gi*oup,  tliough  it  may  l>e  higher. 

Deiwiopment^Tlm  "  Little  Cannel  '*  coal  has  been  opened  near  the 
head  of  Threemile  Creek  and  at  one  time  was  mined  and  shipped  from 
this  locality  over  the  old  Chatteroi  Railroad.  About  5,000  tons  ai-e 
reported  to  have  been  shipped  before  the  road's  aligimient  was  changed 
to  its  present  location  along  Levisa  Fork.  Oi>erations  ceased  as  a 
i"e.sult  of  the  financial  panic  in  IBIK^,  and  since  then  nothing  on  ^^^ 
commercial  scale  has  Ijeen  attempted-  ^M 

A  short  distance  south  of  Torchlight  tlie  coal  has  been  worked  on  ^^ 
a  small  scale  and  a  few^  liniidrwfl  tons  have  tieen  removed^  under, 
lease  from  the  Torchlight  Coal  Company*  There  are  small  openings] 
north  of  the  statioti  and  in  the  hills  on  the  west  side  of  tlie  fork- 
Developments  on  Left  and  Right  forks  of  Little  Blaine  Creek  areJ 
of  local  importance  only  and  supply  the  country  trade.  Though  thiij^ 
coal  is  above  drninage  level  along  the  lieadwaters  of  Rich  Creek,  it 
does  not  seem  to  be*  of  suthcient  tinckness  to  justify  opening  it  Ottj 
even  a  small  scale.  \ 

Cltaraefer.— This  bed  of  coal  is  known  as  the  **  Little  Caniiel  *'  bed 
about  Torchlight  for  the  reason  that  it  contains  near  the  middle  of  itaj 
upper  bench  a  thin  bund  of  coal  with  enough  volatile  matter  to  place  i 
among  the  cannel  troals.  Sections  obtained  near  Torchlight  (sectior 
1  and  2,  fig*  6)  show  this  coal  to  vary  from  a  thickness  of  19^  inche 
north  of  the  tipple  to  2  or  i>i  feet  south  of  the  tipple  of  the  Torch- 
Jight  Coal  Company.   This  coal  \s  ^^Ut  into  two  beiiches  with  a  part^ 
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ing  of  one-half  to  1  inch  of  clay  near  thi;  bottunL  The  caimel  layer  is 
not  sliown  in  the  sections  given  in  Rg,  Oj  but  occurs  near  the  middle 
of  the  uppi^r  lit^'noh  and  ningfs  fi-oni  *)  (n  <>  inches  in  thickness*  It 
resemble.s  splint  eoal  rather  than  true  CMiniud.  Perhaps  the  chief  value 
of  this  bed  in  the  future  will  residt  from  this  band  of  cannel  Four 
inches  of  cinniel  to  2  feet  of  eoal  may  be  taken  as  u  conservative  aver* 
age  of  the  two  grades  of  coal  in  this  lied.  On  this  basiis  it  compriseii 
one-sixth  of  the  total  coal  and  would  yield  alKiyt  483  tons  per  acre, 
as^^uming  the  Pj>ecirtc  gra\ity  of  L194  rlctcrniined  by  Mr.  Hislo|K  It 
??eparatc8  fairly  madily  from  the  liitmninuu^  coal  above  and  below 
and  breakii  out  in  large  blocks. 

The  i'oah  ^is  a  whole,  is  moderalely  lustrous,  with  yellowisli  brown 
streaks*    The  cleavage  is  laminated  with  cross  fracture,  angular  to 


FtG.  C,-— Ructions  of  lowpr  PoOiiVllle  cottia  tn  lUg  FimUy  dUtrkr  L  "  Utile  Caoocl  " 
coal,  north  of  TorchKght ;  %  **  LlOli*  Oaonel  "  ftiiil,  ssouOi  of  TiircljUghl  ;  X  Iltram 
niitckhtirQ,  Left  Fork  Lttllr*  mdltn?  Creole ^j  4,  Joliti  H,  Pnok,  Rleht  Fork  IMiW  UlrtrTi*' 
Crtfk)  X  Mary  Iliiy^R.  Riglir  Fork  iJUk*  Btnlno  Cri't'k :  d*  K.  O.  Melo^hT.  RlgUt  Fork 
LlOle  Blaftic*  Cpe«?k.     Sr«I**,    ]    Uirh  =  r,  fwt 


buljconchoidal.    On  the  fire  it  intumesces  and  agglomerates.    Analyses 
are  as  follows; 

Ana!u»*'ii  nf  '*  LUilv  Vnmtvt "  <sml  frmn  Levim  Fork. 


w 

V.    .         .  •..!,. 

A*n .-._.. 

8iil|i|jnr_^^,_ 


1.  ]>parOiieiit  of  tninrj*  iind  tni^tjiaurgy.  World's  Coltunbltin   EipoMtlon,  mialyst. 

2.  George  R.  HlHlop,  Fai«li?y  Gas  Works,  aaBl^jtL 

George  R.  Hif^lop,  of  the  Paisley  Gas  Work=?,  who  haf^  made  a 
rather  exhaustive  test  of  this  coal  and  ha^  also  studied  tlie  resulting 
ga**es,  reports  that  '*  this  is  an  excellent  cannel  coal  It  is  easily  dis- 
tilled, yieldi^  a  large  volume  of  34.20  candle  gas,  and  affords  at  tlie 


60  ECONOMIC  GEOLOGY  OF    KENOVA  QUADRANGLE.  - 

same  time  10.25  hundredweight  p^r  ton  of  excellent  residual  ct»kfl 
The  foul  gas  eontaim  a  moderate  percentage  of  impuritieg.  C<ini^ 
pared  with  main  Ije^^mahagow  c^nnel  coal  taken  as  KM),  calculated  m 
ihe  ba*^i^  of  13,W0  cubic  feet  of  gas  and  1,535.5  pounds  of  sperm  per 
ttm,  and  having  regard  for  the  secondary  products  and  the  cost  of 
purification  of  the  gas,  thi><  coal  is  equal  to  107.48/'^*  h 

PTHANSFORTATION    FACILITIES.  ^^^M 

Transportation  facilities  in  the  Big  Sandy  Valley  district  ar^  fur<-S 

1 


nished  at  present  by  the  Chesapeake  and  Ohio  Railway  along  l^vbi 
Fork  in  Kentucky  and  by  the  recently  completed  Norfolk  and  We*i- 
tcrji  Railway  along  Tug  Fork  in  West  \'irginia.  The  line  of  Hi 
Che^iapeake  and  Ohio  Railway  was  formerly  up  Tkreemile  Creel 
Hft4'r  crossing  Levisa  Fork  at  Walbridge,  and  the  roadbed  of  thi^' 
old  line,  from  which  the  steel  was  i*emoved  alxmt  tifteen  years  ago, 
is  still  in  fair  condition  for  a  spur  track  from  the  main  line  at  M^al 
bridge,  should  the  developments  on  Threemile  Creek  warrant  its  con- 
struction. In  addition  much  of  the  Big  Sandy  region  is  reitdil| 
accessible  by  water.  Tlie  improvemenLH  along  the  river  projc^Hedj 
by  tbe  Fi*deral  (government,  which  are  now  partly  conipletcd,  arc* 
?*xj>et*ted  to  proviile  navigable  depths  many  n^iles  south  of  the  limits 
of  this  quadrangle  and  to  provide  a  navigable  season  through  tlie 
entire  year  instead  of  six  months,  which  is  now  the  average.  The 
facilities  for  cheap  transportation  that  will  be  offered  when  these 
ijiiprovements  are  completed  are  so  obvious  as  to  need  no  comment 
here.^ 

CHESAPEAKE  AND  OHIO  RAILWAY  DISTRICT. 
EXTENT. 

The  district  tributary  to  the  Chesapeake  and  Ohio  Railway  in- 
cludes nearly  the  whole  of  Boyd  County,  together  with  snndl  parti^  of 
Greenup,  Carter,  and  Lawrence  counties,  Ky.  Its  eastern  boundary 
has  already  been  described  as  the  ridge  separating  the  waters  of 
Big  Sandy  and  East  Fork.  The  ridge  separating  the  waters  of 
Little  Sandy  River  and  East  Fork  of  Little  Sandy  has  l>een  chosen 
as  its  western  boundary.  On  the  south  it  is  limifed  by  the  ridge 
south  of  Straight  Creek  and  the  headwaters  of  East  Fork.  Thit^ 
district  includes  all  the  operations  along  the  Ashland  Coal  and  Ii*od 
Railway  as  far  south  as  Straight  Creek. 

*  Compitre  or  lie  r  i?iiniieJ  i'oali*  on  pp.  stS-9:2. 

*  See  Survey  of  Biis  Sdtidy  Uivcr.  WeJ*t  Virgin  in  and  Kentucky,  Including  Lc^rtsa  mtid 
Tug  Forks :  Uousi;  Doc.  No»  326,  &6th  Cong,,  lt;t  Bees. 
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GEOLOGY. 


The  rocks  in  this  district  are  comprised  in  the  Pottsville,  Alle- 
gheny, and  Conemaugh  formations.  The  highest  beds  belong  to 
the  Conemaugh.  This  formation  is  not  represented  in  its  entirety 
at  any  point  west  of  Big  Sandy  River,  so  far  as  known.  The  east- 
ward dips  which  cause  the  lower  beds  to  cover  most  of  the  surface 
west  of  the  Ashland  Coal  and  Iron  Railway  bring  the  Conemaugh 
beds  lower  and  lower  in  the  hills  toward  Big  Sandy  River.  They 
are  the.  only  surface  rocks  in  the  southeastern  part  of  this  district, 
where  they  have  a  thickness  of  300  to  400  feet.  At  the  base  of  this 
formation  is  a  rather  massive  sandstone,  well  shown  west  of  Alley 
in  the  hills  bordering  Pigeonroost  Creek.  Above  the  sandstone,  at 
varying  distances,  but  rarely  exceeding  40  feet  and  usually  less, 
occurs  a  fossiliferous  limestone,  one  of  the  Cambridge  beds,  which 
is  closely  overlain  by  another  massive  sandstone.  Thus  the  low^er 
hundred  feet  of  the  formation  is  usually  sandy  and  is  accordingly 
comparable  with  the  lower  part  of  the  Conemaugh  at  the  mouth 
of  Big  Sandy  River.  Though  here  and  there  the  upper  part  of  the 
formation  contains  massive  sandstone,  it  is  shaly  for  the  most  part, 
the  shales  being  reddish  and  purplish,  with  local  green  layers.  Many 
of  these  shaly  members  would  be  of  value  were  they  situated  near 
lines  of  transportation.  No  commercial  coals  are  known  in  this 
formation. 

The  Allegheny  formation  in  this  district  has  a  thickness  aver- 
aging from  nearly  180  to  200  feet.  The  general  section  (PI.  IV, 
p.  28)  illustrates  well  the  number  and  relations  of  the  coal  and  clay 
beds  in  this  formation.  About  Ashland  its  basal  portion  is  very 
sandy  and  comparable  with  the  lower  part  of  the  Allegheny  in  Ohio. 
(See  section,  pp.  30-31.)  Farther  souHi  the  massive  phase  of  the 
sandstone,  at  least  above  the  Winslow  coal  bed,  seems  to  change  to  a 
more  thinly  bedded  or  shaly  sandstone,  the  remainder  of  the  interval 
between  the  Winslow  and  Coalton  coals  being  shaly.  The  Coalton 
coal  is  usually  overlain  by  a  massive  sandstone  above  which  is  a  thin 
red  or  purple  shale  bed,  well  exposed  on  the  county  road  east  of 
Summit.  From  the  to\}  of  the  sandstone  overlying  the  Coalton  coal 
to  the  base  of  the  Mahoning  sandstone  the  beds  are  prevailingly  shaly 
in  character,  and  include  the  Hatcher  and  Zelda  coal  beds. 

The  materials  of  most  economic  importance  in  this  group  of  rocks 
are  coal,  fire  clay,  and  iron  ore.  In  most  places  the  valuable  coal  beds 
are  confined  to  the  lower  half  of  the  formation,  but  in  a  few  localities 
the  higher  coals  are  workable.  Not  more  than  three  distinct  work- 
able coal  beds  were  seen,  and  in  most  places  only  two  coals  are  of 
workable  thickness.  A  valuable  bed  of  fire  clay  occurs  well  toward 
the  base  of  the  formation  associated  with  the  Vanport  ("  Ilan^lu^ 
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Rock '')  limei?tone,  and  this  limestone  is  overlain  in  many  places  bv 
bed  of  iron  ore,  ^*hich  in  the  early  seventies  was  greatly  esteemed  uni 
extensively  mined  by  stripping*  Between  the  Winslow  and  CoahoH 
coal  beds,  about  20  to  25  feet  above  the  latter,  is  found  a  kidney  iron 
ore  which  about  thirty  years  ago  was  worked  to  some  extent,  and 
about  25  feet  above  the  Coalton  eonl  is  another  horizon  of  kidney  or 

In  !i  general  way  the  hm-Ics  of  this  forunilion  cover  the  surface  o^ 
the  district  in  a  zone  conforming  in  trend  with  the  structure  eon-^ 
tours — that  is,  northeast  and  southwest.  West  of  the  iVshland  Coa 
and  Iron  Railway  the  Allegheny  is  pi-esent  in  the  tops  of  the  hills 
but  east  of  the  railroad  the  dips  cause  the  formation  to  occupy  a  lower 
and  lower  position  in  the  hills  and  to  disappear  well  up  toward  the 
head  of  East  Fork  and  Straight  Creek.  In  tlie  norlhwestem  part 
of  the  district  they  cover  most  of  the  surface,  but  in  the  southeaster 
part  they  are  entirely  below  drainage  level. 

The  lowest  beds  in  this  district  are  exposed  along  East  Fork 
Little  Sandy  Kiver,  in  the  northwestern  part  of  the  district*     Her 
are  Pottsville  rocks  at  least  StiO  feet  thick.    To  the  cast,  approacbin| 
the   center  of  the   basin,   the   Pottsville  gradually   descends   beloii 
drainage  level,  and  except  along  Ohio  Biver  the  territory  covered  by 
it  east  of  the  Ashland  Coal  and  Iron  Railway  is  v^ry  small.     We 
of  the  Ashland  Coal  and  Iron  Railwsiy,  in  tlie  hills  dividing  Littk 
Sandy  from  East  Fork  the  Pottsville  reaches  well  np  to  the  Iiilltof 
and  its  rocks  are  conspicuous  on  the  surface.    The  formation  is  pre-l 
vailingly  sandy,  but  perhaps  not  quite  so  much  as  in  the  region  along 
Tug  and  Levisa  forks.    The  top  memljer,  the  Homewood  sandstone 
maintains  its  usual  prominence  in  most  parts  of  this  district,     AJon| 
Ohio  River  near  Ashland,  and  to  the  southeast,  near  CHffside  Park 
this  member  is  unusually  massive,  attaining  in  some  places  a  thickne 
of  75  feet.     It  is  a  question  whether  nil  this  sandstone  is  really  o| 
HoruewcKid  age,  for  west  of  Ashland  it  apparently  forms  one  massive 
cliff  reaching  to  the  base  of  the  fire  clay  at  the  horizon  of  the  Vanpor 
("  Hanging  Rock  ")  limestone.     It  is  quite  possible,  therefore,  that' 
the  upper  i>art  of  this  member  may  be  of  Allegheny  and  not  Potts- 
ville age.    Though  the  Homewood  sandstone  in  this  district  is  geni 
erally  massive,  south  of  Princess  and   near  Coalton   and   Rush   i| 
dwinflles  to  a  shaly  sandstone,  never  exceeding  and  rarely  reacbinj 
a  thickness  of  10  feet.    Taken  as  a  whole,  it  is,  however,  the  mc 
prominent  bed  in  the  Pottsville  in  this  district,     Tlie  underlying  bed 
are  prevailingly  sandy,  chiefly  sandy  shales  and  shaly  sandstone 
becoming  in  places  prominent  cliff  makers. 

The  number  of  coal  l)ed^  in  these  rocks  is  not  definitely  known.    It" 
is  probable  that  there  are  more  than  have  heretofore  been  recognized,j 
Near  Princess  tunnel,  for  instance,  a  section  was  measured  from 
j'oad  corner  near  the  store  ut  t\\e  Trmo^iisss  L^aud  and  Mining  Compan; 
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to  the  highest  exposed  rock  above  the  tunnel,  and  in  this  section  four 
coal  beds  showed  within  a  distance  of  70  feet  below  the  top  of  the 
Homewood  sandstone.  On  the  road  ascending  the  hill,  a  few  rods 
northwest,  G.  H.  Ashley  measured  another  section  to  the  top  of  the 
hill,  which  showed  the  coal  beds  at  the  top  of  the  Pottsville  and  also 
some  of  those  in  the  Allegheny.    This  section  is  as  follows : 

Section  near  Princess  tunnel. 

Top  of  hill.  Ft.       in. 

Sandstone,  shaly 8 

Sandstone,  shaly,  calcareous 2 

Shale,  olive 6 

Sandstone,  hard 2 

Shale,  olive 6 

Streak  of  dark  shale. 

Clay,  drab 2 

Iron  ore 1 

Shale,  olive 6 

Coal  (No.  8) 2-h 

Clay,  light  drab 2 

Shale,  olive,  and  sandstone 12 

Shale,  olive 12 

Iron-ore  nodules 8 

Clay,  drab,  or  shale 4 

Sandstone,  olive,  shaly 7 

Coal  (No.  7) , 1        3 

Shale,  drab 3 

Shale,  sandy,  and  shaly  sandstone ^ 15 

Iron  ore,  red 6 

Shale,  olive r> 

Sandstone,  hard  massive 15 

Coal J 1 1         I) 

Clay,  drab 3 

Coal i 

Clay,  drab  flint G 

Clay,  black  carbonaceous  flint 0-2 

Clay,  light  drab,  sandy  at  base___ 7 

Sandstone,   green  and  white,   flne-grahied    ( Horae-wocxl — 

top  of  Pottsville) 8 

Shale,  olive,  and  fire  clay 4 

Iron  ore 6 

Shale,  drab 0 

Coal 5 

Clay 2 

Coal 5 

Clay,  light  drab 3 

Shale,  dark  drab G 

Clay,  dark  drab  to  black 1 

Clay,  drab 2 

Sandstone,  thin-bedded,  shaly 12 

Shale,  sandy 5 

Coal lA 


roddlDli  brciwii 
lentil-— 


Sbrtl3,  sandy-^ ^-- _,-__,__„ 12 

Baudstoiie . . .. _^_  15 

The  following  section,  compiled  from  barometric  measiirements^ 
along  the  northern  erlgo  of  tho  area  from  iVrgillitc  eastward  to^ 
Hood  Creek,  givers  a  gi^nenil  idea  of  the  charaoter  of  the  Potts^oUe 
rocks  aod  shows  also  the  position  of  the  vrorkable  coals: 

Beciion  fr4>m  A  rtftUife  to  Hno4  Creeks 

Ft.      in, 

^atidi^tfino,  ITomt^ivwHl . _,__        30 

t'ortf,  workable  io  plac*<!S. 

Sandstone,  shaly _^ _^,^^  20^^ 

GcHtL 

San  (Intone  ^ — --,__^ — ^-_. .. . ,_- —  6 

Sandstone ^^ .-^--- ^^_  6 

Coal   (No.  3),  workable  in  places. 

Sandstone,  massive 10 

Concealed 15d: 

Coal 5 

Fire  clay .* 4        8 

Shale  and  massive  sandstone 35 

Coal,  workable.  ' 

Probably   sandy 50 

Coal 4 

Sandstone,  shaly 20 

Concealed 10' 

Shale,  black,  and  fire  clay 10 

Concealed 10± 

Sandstone,  massive 10 

Concealed l6±, 

Sandstone,  massive 10 

On  Catletts  Creek  and  in  the  eastern  part  of  Ashland  there  is  an 
important  bed  of  fire  clay  underlying  the  Homewood  sandstone. 
Formerly  the  iron  ore  in  this  formation  in  this  district  was  of  consid- 
erable  economic  importance,  notably  the  bed  occurring  30  to  40  feet 
above  the  Danleyton  coal,  called  by  P.  N.  Moore  "the  main  block 
ore.^^ "    None  of  the  beds  of  iron  ore  of  this  formation  are  now  worked.- 

«  Report  on  the  eastern  coal  fteld;  KcutwcV.^  Ci^\.  ^\xt\%^,  noV  e,  VK^V\j^.  183-^138. 
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THE   COALS. 
ALLEGHENT  COALS. 

UPPER   COALS. 

The  highest  coal  bed  that  has  been  worked  in  this  district  cor- 
responds with  coal  No.  9  or  the  Upper  Freeport  coal  of  the  Ohio 
section  and  with  the  Zelda  coal  in  the  Big  Sandy  Valley.  It  is  not 
of  sufficient  thickness  to  be  of  any  practical  importance.  It  has  been 
opened  by  Albert  Baldridge  near  the  mouth  of  Gamer  Creek  and  is 
reported  to  be  18  to  20  inches  thick.  In  the  road  20  feet  below  is 
the  bloom  of  a  lower  bed,  probably  the  Hatcher  coal,  which  is  not  of 
workable  thickness  here. 

COALTON    COAL    (NO.   7). 

Name. — ^The  highest  important  bed  in  this  district  is  the  Coalton 
coal,  or  No.  7  of  the  Kentucky  reports,  known  also  as  the  Sheridan  and 
as  the  Ashland"  coal,  though  the  latter  term  is  not  used  much  in 
northeastern  Kentucky.  In  southern  Ohio  this  is  considered  the  most 
important  of  all  the  coal  beds  and  is  known  under  a  variety  of  names, 
according  to  the  location  where  it  is  developed,  and  shows  a  com- 
mercial thickness.  Its  most  common  names  are  derived  from  the 
mining  centers  Nelsonville  and  Straitsville,  along  the  Marietta  and 
Cincinnati  Railroad.  It  is  also  known  as  the  Carbondale  or  Mineral 
City  coal,  and  in  Gallia  and  Lawrence  counties  the  name  Sheridan  is 
applied.  The  name  Coalton  will  be  used  in  this  report,  for  it  was 
mined  originally  at  Coalton  and  was  widely  known  under  the  name 
of  Coalton  coal. 

Geologic  "position, — ^The  Coalton  coal  lies  at  about  the  middle  of 
the  Allegheny  formation.  As  it  is  the  highest  workable  coal  in  nearly 
all  of  the  district  under  consideration,  no  great  difficulty  should  be 
experienced  in  identifying  it.  It  lies  in  most  places  about  35  to  45 
feet  above  the  next  lower  bed,  the  Winslow  coal  or  No.  6  of  the  Ken- 
tucky Survey,  and  from  40  to  60  feet  below  the  next  higher  or 
Hatcher  coal.  No.  8  of  the  Kentucky  series.  It  will  be  found  about 
100  feet  above  the  top  of  the  Homewood  sandstone  where  the  Alle- 
gheny formation  is  normally  developed  and  about  the  same  distance 
below  the  base  of  the  Mahoning  sandstone.  Below  it  at  a  distance 
of  25  feet  and  above  it  at  almost  the  same  distance  there  are  two 
persistent  bands  of  kidney  ore,  the  lower  known  as  the  yellow  kidney 
and  the  upper  as  the  red  kidney  ore.  These  ore  beds  have  long  been 
used  as  datum  planes  from  which  to  determine  the  position  of  this 
coal,  as  they  are  among  the  most  persistent  and  reliable  ore  horizons 
in  this  region. 

•Ohio  Geol.  Survey,  vol.  3,  pt  1,  1878,  p.  018. 
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Extent. — The  outcrop  of  the  coal  will  be  seen  from  the  eoonoi] 
map  (PI  I),     Its  zone  is  about  10  milas  wide  in  the  northeim  part 
of  the  district  and  follows  the  structure  lines  to  the  southwest,  grac 
ually  tapering  as  it  approaches  Willard  and  Webb^iUe*     The 
of  the  beds  southward  and  beyond  the^e  towns  soon  carries  this 
above  the  hilltops.     It  is  present  in  all  the  hills  bordering  Williar 
Creek  and  its  tributaries,  Straight  Creek,  and  East  Fork  aod  its 
branches,  southeast  of  Naples.     In  the  Flatwoods  area  south  of  Ash- 
land the  hills  do  not  rise  quite  high  enough  tu  catch  it.     Thoug^^ 
present  on  Catletts  Creek  and  Keyes  Creek,  it  is  doubtful  whether  IH 
is  so  thick  as  in  the  region  farther  west.    Its  horizon  is  alsi>  believed 
to  be  above  drainage  level  on  Chadwick  Creelc.    On  Garner  Creek 
has  been  opened  at  a  few  country  banks. 

In  general  the  western  limits  of  the  Coal  ton  coal  outcrop  coincic 
with  the  boundary  between  Boyd  and  Greenup  counties,  and  sout 
of  Greenup  County  follow  the  diWde  between  Little  Sandy  Riv< 
and  East  Fork-  The  points  on  the  various  creeks  where  it  desceii<3 
below  drainage  level  toward  the  center  of  the  basin  are  plainly 
shown  on  PL  I<  . 

Development. — It  may  be  stated  that  over  nearly  all  of  this  distri^H 
where  any  body  of  the  Coal  ton  coal  is  found  in  the  hills  it  has  eith^^ 
been  pmspected  or  worked.    Sotithwest  of  Ashland  in  the  hills  border- 
ing Hood  Creek  it  is  pn*spected  40  to  50  feet  above  the  Winslow 
coaL    Near  Winsiow  and  Summit  it  has  been  opened  on  many  farms, 
but  very  few  of  the  prospects  were  in  good  condition  in  the  summer    i 
of  1905,  while  the  reverse  was  true  of  the  underlying  Winslow,    I|H 
many  places  the  two  l>eds  had  been  opened  on  the  same  hillside,  ba^i 
the  higher  coal  had  usually  been  abandoned  first.    This  fact  may  be 
explained  in  either  of  two  ways.     The  average    country    bank    is 
worked  for  a  short  time,  and  when  the  workings  extend  far  into  the 
hill  iind  the  expense  of  timbering  increases,  as  well  as  the  dHng**r 
from  the  roof,  the  farmer,  unleas  he  has  an  experienced  miner  dig- 
ging for  Imu,  will  nbiuuhm  his  bank  and  open  in  another  place. 
Another  explanation  is  t\\i\\  the  lower  of  the  two  coals  inmiediatel 
southwest  of  Ashland  nuiy  be  superior  for  domestic  purposes, 
is  a  fact  that  on  many  of  the  farms  there  is  only  one  opening  on  eai 
of  these  two  coal  beds  and  only  the  lower  coal  is  worketK    At  W: 
low,  above  the  Ashland  Coal  and  Mining  Company ^s  Ko.  8  mine  on 
the  Winslow  coal,  the  upper  or  Coalton  bed  was  opened  but  iift»?r- 
ward  abandoned.    It  is  reported  as  too  '"^  pockety ''  to  be  worki 
with  profit 

This  coal  bed  has  been  opened  at  many  points  on  Shope  Ci 
near  Clinton  furnace.     It  disappears  below  drainage  level  at 
point  where  the  Catletts  Creek  I'oad  joins  the  Shope  Creek  mad. 
AJojig  East  Fork  of  lAt\k  Sauij  it  has  been  opened  oo  numeroi 
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farms  about  Maritj  and  Cannonsburg,  On  Garner,  Pigeonroost, 
Fourinile,  and  both  branches  of  Trace  Ci^eek,  and,  in  fact,  oxi  all  the 
creeks  flowing  into  East  Fork,  east  of  the  Chesjipeake  and  Ohio  Rail* 
way  anil  north  of  Garner  and  Alley,  many  openings  have  been  made 
on  this  bed. 

The  coinmerciul  operations  naturally  have  been  confined  to  the 
territory  lying  close  to  the  Chesapeake  and  Ohio  Kaihvuy.  With 
the  exception  of  a  little  work  done  by  the  Ashland  Iron  and  Mining 
Company  at  Window,  now  abandoned,  operatioi  s  on  this  bed  begin 
at  Princess  and  extend  as  far  to  the  south  as  Willard*  The  names 
of  companies  working  the  coal  at  present  are  given  on  the  margin 
of  the  economic  map  (PI  I)-  With  a  few  exceptions  the  operations 
are  mostly  on  a  small  scale,  Tlu*  most  important  group  of  mines 
are  those  belonging  to  the  Ashland  Iron  and  Mining  Company, 
situated  near  Rush,  in  both  Boyd  and  Carter  counties.  Some  of 
these  are  worked  by  the  company  and  others  are  worked  under 
lease.  The  Straight  Creek  Mining  Company  is  another  large  pro- 
dneer,  as  are  also  the  Princess  I^and  and  Mining  Company,  rlie  East- 
ern Kentucky  Hailroail,  John  Wurts,  and  the  Adkins  Coal  Company* 
The  remaining  operations  are  small  and  at  the  time  of  the  writer's 
nsit  in  1905  some  of  them  were  clo&ech  In  some  of  the  mines  pil- 
lars were  being  drawn*  indicating  a  nearly  exhausted  condition* 
The  mines  along  the  Chesapeake  and  Ohif>  Railway  frtmi  Princess 
to  Rush  have  been  %vorked  many  years  and  large  quantities  of  coal 
have  been  shipped.  Most  of  the  coal  above  drainage  level  and  con- 
veniently situated  for  exploitation  has  been  removed,  and  the  present 
operations  are  largely  remnants  of  what  were  once  very  much  larger 
and  important  mines.  In  some  of  the  hills  the  coal  is  reported  as 
completely  exhausted* 

Physical  aapevts^ — A  series  of  25  sections  (fig-  7)  of  the  coal  IxmI  in 
this  district  will  give  a  fair  idea  of  the  thickness  of  this  bed.  It  will 
he  observed  that  the  coal  occurs  usually  in  either  two  or  thi-ee  benches, 
but  in  a  few  places,  as  at  the  mines  of  the  Ashland  Iron  and  Mining 
Company  on  Rush  Creek,  four  benches  were  observed  (section  10). 
Most  of  llie  measurements  made  in  iliis  district  and  to  the  southwest 
abciut  Willard,  Carter  County,  indicate  that  more  commonly  there 
are  three  Iwnches.  These  l>enches  are  separated  by  bone  or  clay 
partings.  The  up[x^r  parting  generally  ranges  from  1  to  5  inches 
and  rarely  exceeds  1  foot  in  thickness.  In  most  places  the  lower 
parting  is  IxJne  fi-om  one-half  inch  to  2  inches  thick.  About  Rush 
this  jjarting  is  clayey  in  character  and  thin.  On  Mile  Branch  the 
thin  clay  stratum  observed  above  the  two  benches  is  of  interest  as 
pointing  to  conditions  of  deposition  similar  to  those  observed  else- 
where, but  changing  after  this  clay  was  deposit edj  with  the  result 
that  shale  was  laid  down  instead  of  coaL 
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As  a  general  rule  the  upp<?r  bench  is  not  mined.    This  is  due  to  two! 
or  more  causes — first,  this  bench  in  variable  in  thickness,  and,  sec* 
ond,  it  is  Habk  to  contain  much  sulphur  and  bone.    The  latter  condi- 
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Fia.   T. — Si^ctldns  of   CquJIoq   cual    nii^iitticky   No.  7>    in  CbesApeake   and   Ohio  B&fl 
ilitttriet.      1*    mils   ftoutUweBt    ot   Aftblaud ;    ::,    near   t^timaiU :    :i,    Prfnoc«s!   LUnil 
Mini  Of;  rtii]!i|iiti]]r«   PriDcesfi ;  4,  Tt1c1ia.rd   JAUL'biaa.  P«9t   flank  of  Hilse   lietw^fEi   MnvUj 
fttid  CtiiLUuii :  r%  eiL»t  of  CQaliou  ;  li.  Mnvltj' ;,  T,  ^,  VV\  V,  i^exlon.   heiid  ot  Tlgt'onrooafi 
Creek;  fV,  Jnmes  Seiton,  rigc<mmost  Creek:   10.  AsMaod   Iroa  and  Mlolutc  rom|iiiii]r«^ 
head  t>f  UmU  Vn^k;  11.  12,  f;w^r«»'  Uall.  Umh  Vreeki  i;*.  John  ItirtiyMK  North  Forfc 
Trac^  Ci'«^k ;   II*  Kquiily   Conley,  west   of  llcllefoiit ;   ITj,  S?lr»(gUr    Trepk   Mining   Ctim-i 
p^ny,  BtralKiii   i.*rw*k ;   10,  W,   1*.  i'lny*  StnilKht  f  reek;    IT,    Mornluj^  tjlory  **o«l   Totn** 
panj^,  tJrnDi :  is.  Ale*  McAlvUi,  Coljb  Fork  ;  111,  Norton  ttriloeli  Coiil  Cumpanjt  Swwljfl 
8ho«l  mine  (x^abbyK  20,  ^dklns  t'ti»\  Company,  Kuah ;  i:l,  Aahlaud  Iron  und   Mltilasl 
Compinj.   No.    10 ;   22.   Afllilnnd    Iron  find   Mining  Company,  No.    I:    2:1    MIIp   Bnili^ll, 
Dorthwest  of  Kllgoret  24*  Aahliitid  irciti  and  MlnloK  Compttny,  No.  2;  25,  Mile  Brm&ch, 
1  Qilk  north wcat  of  Kllgorc.     Scilc,  1  inch  —  5  feet, 

tion  seems  to  prevail  at  the  openings  aljont  Straight  Creek  and  Efen- 
ton.    Though  it  varies  greatly  from  point  to  point,  it  seems  to  be  o! 
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workable  thickness  in  some  localities,  as  iit  the  Grorgt^  Hull  iiiineH  on 
Rush  Ci'^k  (sections  11  and  1*2,  fig.  T).  A  fair  thickness  of  the  upper 
hench  was  uicasunMl  in  the  mint^  of  the  Straiglit  Creek  Cotil  Coni- 
[jany  and  at  the  ojieiung  worked  by  W.  P.  (.'lay  about  a  mile  farther 
north  near  the  Straight  Creek  Coal  Coinpany-s  tunnel,  but  in  Hits 
locality  tl&e  upper  bench  is  too  heavily  impregnated  with  sulphur  to 
be  marketable  (sections  1:2,  L%  and  Ku  fig,  7),  At  the  Morning  Glory 
Company's  mine  near  Grant  it  is  of  workable  thickness  hut  so  vari- 
able that  little  dependence  can  be  placed  on  it.  In  this  mine  2G  inches 
of  coal  were  measured  at  one  point  and  at  others  it  is  not  present,  A 
similar  (Condition  was  observed  by  G.  H.  Ashley  on  Mile  Branch. 
At  mast  of  the  other  openings  visited  the  upper  bench  is  too  thin  to 
be  worked*  The  two  lower  t>enches  are  aluK^st  always  workable,  but 
even  this  statement  needs  some  qualification.  For  example,  a  measure- 
ment on  this  Ijed  in  the  hills  southwest  of  Summit  gsive  a  thickness  of 
f>  inches  to  the  upper  of  these  two  benches  and  on  Mile  Branch  two 
measurements  l>y  Mr.  Ashley  sliow  1  foot  of  coal  at  t%vo  different 
points.  Ext^cptional  tliinniug  was  also  noted  in  the  main  lower  bench* 
as  indicated  hy  tlie  measurements  obtained  at  the  Sandy  Shoal  mine 
near  Rusli,  wliere  it  is  only  2  inches  thick  (section  lf>,  fig.  7).  These 
exceptional  figures  for  the  two  lower  lM.mclies  of  this  l)ed  do  not  de- 
stroy the  valne  of  the  general  statement  that  these  tM?nches  are 
usually  of  workable  thickness.  They  are  mined  together,  the  lK»ny 
parting  Ijcing  set>a rated  by  hand.  They  average  very  close  to  20 
inches  (»a(*lu  the  lower  being  usually  slightly  ihickcr  than  the  other. 
The  two  l>c»nches  rnnge  colliH^tively  from  about  Z  feet  3  inches  to  -1 
feet,  a  fair  figure  for  the  bed  as  a  vThole  being  about  ii  feet  0  iiu'hes. 
not  counting  the  fjony  parting.  As  much  as  4  feet  0  inches  of  coal 
han  l>een  seen,  though  this  figure  must  l>e  regarded  as  alti^gether  ex- 
cept iouah  No  average  minimum  thickness  can  be  given,  for  the  coal 
varies  from  the  figures  given  above  to  a  mere  knife-edge  and  in  places 
completely  pinches  out.  Iti  the  description  of  the  general  geology  of 
thin  district  a  mas-s  of  sandstone  was  ilescribed  as  usually  ovetdying 
the  eoah  As  a  rule  it  does  not  innnediately  overlie  the  coal,  but  wliei\* 
il  does  the  coal  suffers  and  at  some  places  may  be  reduced  to  only  a 
few  inchasi  in  thickness.  The  operations  on  this  bed  near  Coalton 
have  long  since  l>een  susj^ended  and  a  measurement  in  the  hills  to  the 
east  was  obtained  at  a  small  roadside  bank  (fig*  7^  section  .^i).  This 
measurement  indicates  a  possible  coalescence  in  the  two  lower  or 
main  benches*  A  similar  condition  of  affairs  was  observed  at  the 
country  boidts  of  James  and  W.  Y.  Sexton  at  the  head  of  Pigeon- 
roost  Creek  (fig,  7,  sections  T  and  9)* 

The  iT)of  of  a  t^oah  though  not  a  part  of  the  \yed  itself  in  the  strict 
sense  of  the  wordj  ib  nevertheless  of  great  importance^  fur  gn  its 
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character  may  depend  the  margin  of  profit  that  justifies  the  mini' 
of  the  coaL    The  roof  of  the  Coalton  bed  is  usually  shale  and  is  con' 
sidered  to  be  fairly  strong.    It  ranges  in  thickness  from  a  few  inchei 
to  as  many  feet.    In  some  places  this  shale  is  sandy;  in  others  it 
replaced  by  a  massive  sandstoue,  the  coal  in  many  such  places  beinj 
very  thin.     At  the  George  HuU's  opening  near  the  head  of  Rxisl 
Creek  a  few  feet  of  cannel  ^hale  were  seen  above  the  coaU   The  cannel 
shale  was  also  observed  at  an  opening  owned  by  John  Runyon  on 
North  Fork  of  Trace  Ci"eek.     This  shale  sometimes  scales  oil 
^*  draws  "  and  gives  more  or  less  trouble  in  the  entries,  but  in  t 
rooms  little  or  no  difficulty  was  reported  from  this  source.    The  tlooi 
of  the  coal  is  apt  to  roll  bomewhat,  but  this  is  not  common.    Fauliirij 
is  rare  and  where  present  is  very  flight.    Small  faidt^  with  a  thro 
of  18  in  dies  were  reported  near  Rush  at  the  Ashland  Ii-on  and  Mining' 
Compuny's  oi*ening  No.  10.    The  superintendejit  uf  the  mine  report 
that  the  largest  fault  known  to  him  in  the  region  around  Rush  w; 
one  near  Star  Furnace,  with  a  thruw  of  0  feet. 

Vhemivtd  iL^peets. — The  eual  itself  is  bituminous,  but  the  two  work- 
able benches  are  not  exactly  alike.    The  upper  bench  is  soft  and  lus- 
trous and  breaks  into  thin  blocks  or  slabs  along  charcoal  layers, 
characteristic  very  common  amtmg  the  coals  of  this  region,     Tl 
lower  bench  is  mucli  harder  as  a  nde  than  the  upper  Ijench  and  tW 
tains  dull  bands  of  splint  coal.    This  coal  is  not  gaseous.    It  is  a  dry- 
burning,  noncoking  coal  now  widely  used  in  this  part  of  tho  Stai 
for  steaming  and  domestic  purposes,  and  in  the  last  three  decades 
has  acquired  an  enviable  reputation  as  an  iron-making  coaU  lieiuj 
still  used  in  the  raw  state  for  this  purpose  by  the  Ashland  Iran  am 
Mining  Company  at  its  furnace  in  Ashland.     Its  applicatifm  to  iron 
making  began  in  180G,  when  it  became  evident  that  the  timber  sup^l 
plies  which  had  furnished  charcoal  for  the  numerous  furnaces  situ^^ 
a  ted  in  the  Hanging  Rock  region  w-ere  on  the  wane-    Its  use  has  con- 
tinued down  to  the  present  time,  naturally  decreasing  as  many  of  the 
furnaces  shut  down  on  account  of  the  high  cost  of  mining  the  iroi 
ore  of  this  region  as  compared  w^ith  the  cost  of  Lake  Superior  an 
Alabama  iron  ores. 

The  analyses  of  this  coal  show  a  rather  high  percentage  of  sulphi 
for  an  iron-making  coal.    The  coal  mined  along  Williams  Creek  ni 
Rush  by  the   Ashland   Iron  and  Mining  Company   was   formerl] 
waslied  and  coked  before  using,  but  since  the  company's  washer 
Ashland  was  destroyed  the  coal  is  used  raw.    The  ash  is  somewhs 
variable,  but  in  the  amounts  of  volatile  combustible  matter  a  nil  fixi 
carbrm  the  coal  shows  a  very  uniform  character,  as  will  be  seen  froi 
the  f oUowiiig  seventeen  analyses : 
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1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

Water 

Volatile  combustible  matter 

Fixed  carbon                      —  — 

4.80 

34.20 

64.90 

6.10 

1.81 

61.00 

5.00 

34.60 

66.40 

6.10 

1.29 

60.50 

4.06 
34.24 
54.70 
7.00 
1.86 
61.70 

4.40 
81.10 
57.90 
6.60 
2.10 
64.50 

8.36 
S3.30 
67.60 

6.80 

6^.40 

7.70 
28.16 
53.04 
11.10 

1.06 
64.14 

6.40 
27.22 
58.88 

7.50 

.97 

66.38 

6.60 
84.86 
64.64 

Ash         

4.40 

Sulphur— 

Coke    -        —    —    

.72 
59.04 

9. 

10. 

11. 

12. 

13. 

14. 

16. 

16. 

17. 

Water 

Volatile  combustible  matter 

Fixed  carbon 

Ash 

6.06 
32.94 
64.80 
6.20 
1.87 
61.00 

6.40 
31.40 
67.66 
4.64 
1.67 
62.20 

4.40 

38.00 

'    62.86 

9.14 

2.20 

62.00 

3.20 
36.06 
54.40 
7.34 
2.63 
61.74 

}  35.20 

43.30 

21.60 

1.30 

39.90 

63.30 
6.80 
2.05 

38.40 

64.75 
6.85 
2.05 

42.51 

62.06 
5.43 
1.32 

/    6.19 

132.87 

56.57 

6.57 

Sulphur    

1.68 

Coke 

62.30 

I.  Average  sample  of  coal  from  stock  house  at  Ashland  furnace,  representing  coal  as 
actually  used  in  the  furnace.     Sampled  by  P.  N.  Moore. 

2-5.  From  rooms  in  mine  No.  4  of  Ashland  Coal  Company  near  Coalton,  Boyd  County, 
Sampled  by  P.  N.  Moore. 

6-8.  From  the  upper,  middle,  and  lower  benches  of  the  coal  bed  at  the  old  Star  Fur- 
nace mines  above  the  furnace  near  the  mouth  of  Rachel  Branch,  west  of  Kilgore.  The 
samples  were  taken  from  the  pillars  which  had  been  exposed  for  some  time  and  probably 
contained  less  sulphur  than  the  freshly  broken  coal.     Sampled  by  A.  R.  Crandall.        x 

9  and  10.  From  the  upper  and  lower  benches  of  the  coal,  here  consisting  of  but  two 
members,  at  an  opening  on  Gum  Branch  of  Straight  Creek.  Mount  Savage  Furnace  prop- 
erty, Carter  County.  These  samples  were  selected  from  coal  on  the  dump  and  hence  are 
Srobably  not  so  nearly  representative  as  those-  taken  in  the  mines.  Sampled  by  P.  N. 
[oore. 

II.  From  the  old  Watson  drift  on  Lost  Creek,  near  Willard,  Carter  County.  Sampled 
by  P.  N.  Moore. 

12.  From  several  rooms  in  the  mine  west  of  Dry  Fork  at  Willard,  Carter  County,  main 
entrv.     Sampled  by  P.  N.  Moore. 

13-16.  Analyses  furnished  by  the  superintendent  of  the  furnaces  of  the  Ashland  Iron 
and  Mining  Company  at  Ashland ;  owing  to  their  incomplete  character  they  are  not  so 
good  as  the  other  analyses. 

17.  Average  of  first  twelve  analyses. 

As  will  be  seen,  most  of  the  analyses  are  of  coals  collected  by  P.  N. 
Moore  and  A.  R.  Crandall  and  published  in  the  report  of  the  Ken- 
tucky Geological  Survey  on  the  eastern  coal  field  (vol.  C,  p.  181). 
These  samples  were  collected  by  "  cutting  a  large  number  of  pieces  of 
coal  from  the  whole  thickness  of  the  bed,  taking  them  in  regular  suc- 
cession from  top  to  bottom,  thus  representing  the  coal  exactly  as  it 
appears  at  the  place  of  sampling.  Slight  partings  of  pyritous  bands, 
large  enough  to  be  rejected  in  mining,  were  not  of  course  represented 
in  the  sample,  but  otherwise  impurities  were  taken  if  they  occurred 
at  the  place  of  cutting.  Wherever  possible  the  sample  was  taken 
from  a  number  of  rooms  in  each  mine,  or,  where  the  coal  was  not 
opened,  from  as  many  outcrops  as  possible.  The  constant  endeavor 
has  been  to  secure  samples  representing  the  coal  as  it  actually  occurs 
in  the  mines."  The  analyses  of  these  samples  were  made  by  Robert 
Peter  and  Mr.  Talbutt,  of  the  Kentucky  Geological  Survey. 

Some  striking  facts  are  brought  out  by  the  foregoing  figures.  The 
main  feature  is  the  remarkable  uniformity  displayed  over  the  broad 
area  from  which  the  samples  were  collected,  indicating  care  on  the 
part  of  the  samplers  and  uniformity  in  the  methods  employed. 
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The  average  of  Peter's  and  Talbiitt's  analyses  is  given  in  column  17 
and  shows  how  slightly  most  of  the  analyses  deviate  from  the  average. 
The  figure  for  ash,  given  in  analysis  0,  is  of  interest  and  corroborates 
a  statement  made* earlier  in  this  bulletin  as  to  the  bony  character  of 
the  topmost  of  the  three  benches.  It  is  this  bony  character  in  con- 
juncti(m  wnth  its  high  sulphur  content  that  stands  in  the  way  of  its 
exj^loitation  even  where  it  is  of  workable  thickness.  The  content  of 
sulphur  at  first  sight  seems  rather  high  for  an  iron-making  coal.  If 
all  this  sulphur  went  into  the  iron  it  would  perhaps  spoil  the  product, 
but  figures  indicating  the  amount  of  sulphur  in  all  the  raw  materials 
used  in  the  charges  as  well  as  in  the  pig  iron  are  necessary  to  indicate 
the  way  in  which  this  constituent  is  distributed  in  the  slag  and  pig. 

The  coal  is  not  an  iron-making  coal  through  its  entire  extent,  but 
only  at  certain  localities,  and  even  in  a  given  mine  the  variation  in 
the  impurities  may  be  such  that  only  certain  rooms  or  entries  can  be 
worked  for  furnace  coal. 

This  bed  has  been  regarded  as  the  equivalent  of  the  Hocking  Val- 
ley coal  of  Ohio,  of  which  Orton  says  «  that  "  as  a  furnace  coal  it  is 
not  surpassed  in  the  State  and  scarcely  by  any  known  bituminous 
coal."  A  comparison,  therefore,  l)etween  the  Coalton  coal  of  Ken- 
tucky and  the  Hocking  Valley  coal  of  Ohio  and  other  coals  which  in 
the  past  have  been  used  in  the  raw  state  in  the  blast  furnace  may  have 
some  interest.  The  following  analyses  represent  coals  which  accord- 
ing to  Moon'  have  been  a])])lied  for  such  use  in  Ohio,  Indiana,  anil 
Tlliuois: 

Anahfsrs  of  iron-tmihinf;  amlx  fnnn  the  raxi-cctitvnl  coal  field. 
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1,   Av('rnj::o  of  t\volv<'  analyses  of  Coalton  con!   in  norMion>^tern   Kontuckv. 

::.  .Vvcra^r  of  t.-n  min.'s  of  the  Hocking  Vallcv.  Ohio  (Jcol.  Survey,  tol.  5.  1884, 
p.  iHil.      N.   \V.   Lord,  analyst. 

.'{.  .\vcra;x<-  of  upper,  lower,  and  middle  benches  of  the  Ncls<>nvillo,  Ohio,  b<'d.  Ohio 
(;eol.   Survey,  vol.  .'•.   ISSl,  p.  \)77k     X.  W.   L<trd,  analyst. 

4.  Averaiie  of  ei^'hteeii  samples  from  tlie  ^'reat  bed  in  the  Immediate  valley  of  the 
II<»(kinL'  and  about   St  raitsville.     Ohio  (;eol.    Survey,  vol.  :i,  j).  liS:?. 

.".  .lacks(»n  Shaft  coal,  .lacksou  ('(uintv,  Ohio.  (Uiio  (h'oI.  Survev,  vol.  5.  1884,  p.  lOl.'v 
X.    W.    I-<u-d.   anal\st. 

(»  and  7.  I^umj>  coal  from  bed  Xo.  1.  Schmidirall  Coal  Company,  Murphysboro,  Jackson 
County.  111.  Composition  and  character  of  Illinois  coals;  Illinois  (;eol.  Survey,  Bull.  Xo. 
'•',.   p.   to.      S.   \V.    I'air,   analyst. 

s.  I'.ra/il  blork  coal  fr(un  Xo.  1  shaft,  Brazil  I'.lock  Coal  Company,  I'lay  County.  Ind. 
Twenty  lirst  .\nn.  Itci''-  Indiana  I>epr.  (;eol.  Xat.  lies..  ISIMJ.  p.  IOC.  W.  A.  Noyes. 
analyst. 

;».  r.ra/il  bbxk  coal  from  Xo.  .'5  shaft.  P.razil  lUock  Coal  Company,  Parke  Countv,  Ind. 
Twenty-tirst  Ann.  Kept.  Indiana  l>ept.  (Jeol.  Xat.  Ues..  isix;.  j).  180.  W.  A.  Noyes. 
analyst. 
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These  analyses  of  Ohio,  Indiana j  and  Illinois  coals  show  a  fairly 
close  agFeement  with  the  average  analysis  of  the  twelve  samples  of 

the  Coaltnn  coal  of  northeastern  Kentucky.  The  figures  for  volatile 
comhustible  matter  and  fixed  carlxm  are  exceptionally  close;  the  iish, 
moisture,  and  ^nlphur  show  considerable  variation.  The  above 
anMl3%ses,  taken  from  the  various  State  rejwrts,  may  be  compared  with 
annlyseg  of  samples  collected  by  P.  N.  Moore  and  A.  R.  Crantkll 
from  the  same  beds  in  the  different  States  mentioned.  The  mode  of 
sumpling  was  the  same  as  that  followed  in  the  Kentucky  field,  and 
on  account  of  this  uniformity  in  sampling  the  results  of  the  analyses 
given  on  page  71  and  those  which  follow  are  really  more  strictly 
comparable: 
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1.  Av^miei?  of  twelv^e  aaalyfi^ii  of  iifimpl?i»  of  Ihe  CottHon  or  No,  7  eoill  from  tiortli- 
i>]i.<TCpr[)  Ki'iiUick^. 

2t  H,  {luij  4,  Hoti^kiiij;  Valli^y  or  Nelsoavllle  eonl,  from  mltk^  near  Ntlsonville^  Hhlfi.  H 
Is  from   Hio  opijer,  H  fKtin  the  tniddk\  uiid  4  from  the  lower  dlvL^lon  of  cool, 

Tk   Fi'i>m  ihf  wHl-known  .latk^on  shaft  coal  of  Ohio, 

0  auil  7-  From  two  of  tbc  boKt  [filnt's  la  Ui*?  Bi^i;  Muddy  coal  n^gion,  near  Murphy^htit'o, 
nr  l>tiFi*e  *|U4itt(iMo8  of  (.'oal  frqm  boih  of  th*'*;r»  mlnf»K  Imve  brpu  uHcd  hi  ibt?  fiirruut>f* 
m  RoMTU   St.   Ujiiitf. 

8,  n,  jind  H*.  Indiana  blcwk  co&h  from  vJdtilty  of  Br«zSK  Ind.  Sflmpli^j*  i-cpn^mmt loir 
(he  etjutti  from  tbrt***  different  mlpes,  J^^aeh  i4Dnipl«^  wan  taki-u  from  wmeral  rnomji*  In  iln* 
same  mine,  «o  m^  to  represent  the  min**  ii»  fatrly  a?*  iKJ««lble.  Thene  m1ne»  rank  nmonj;r 
the  lieat  of  that  rf^Klon,  lUtd  tnn\  from  nil  at  ilifm  has  heeu  HueeciwfiiMy  itsvtl  U»  the  fiiF' 
tiace  for  making  Iron, 

M.   From  the  i^herldan  mlhes,  fJiwri'ttce  Cotitity,  Ohio. 

3-5  and  H  sampled  by  A*  E.  CrondaJI ;  0-10  sampled  by  V.  N,  Moore. 

The  results  show  a  surprising  imiformity,  and  though  ihe  Kentucky 
coal  shows  a  higher  moisture  content  than  the  other  coals,  yet  in 
other  respects,  especiully  when  the  amount  of  sulphur  is  consideretj, 
it  compai'es  favorably  with  the  iron-making  coals  of  Ohio^  Indiana, 
and  Illinois* 

Ainovnt  of  eor/?,— The  question  of  the  amount  of  high-grade  coai 
which  is  still  available  is  of  great  importance.  The  extent  of  the  ter- 
ritory above  drainage  level  underhiin  by  the  Coalton  coal  can  be 
i^ndily  seen  on  the  economic  map  (PL  I).  It  should  be  borne  in 
mind*  however,  that  in  the  region  where  this  coal  is  indicated  as  lying 
above  dniinuge  level  it  has  been  largely  worked  out  and,  as  has  Ijcen 
mentioned,  most  of  the  mines  now  working  it  are  nearly  in  a  state  of 
exhaustion.  The  eastern  limit  of  the  coal  above  drainage  level  is  indi* 
fitted  on  the  economic  mnp.  Tliis  coal  has  never  been  exploited  be- 
yond this  line  by  shafts.    It  has  been  mentioned  (p.  4G)  that  in  the 
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valley  of  Big  Sandy  Biver  its  character  is  sach  that  it  may  neTer 
beo(«ne  commercially  available,  but  all  over  the  district  now  under 
consideration  it  has  been  justly  relied  on  as  a  uniform  and  persistoit 
bed.  Just  where  the  coal  begins  to  change  its  character  fran  a  wcnic* 
able  to  a  nonworkable  bed  is,  of  course,  problematicaL  But  it  is 
reasonable  to  suppose  that  the  change  to  the  condition  observed  along 
Big  Handy  River  on  the  south  side  of  the  basin  may  be  gradual  and 
that  there  may  prove  to  be  a  very  considerable  body  of  workable  coal 
below  drainage  level  on  the  western  side  of  the  basin.  Thus  &r 
pros[>ecting  with  the  diamond  drill  has  not  been  attempted  and  the 
eastern  limits  of  workable  coal  are  still  in  doubt  The  coal  will  have 
to  lie  worked  by  shafting  and  must  be  approached  with  the  plan  of 
working  up  the  rise — ^that  is,  to  the  north  or  to  the  northwest.  On 
ttwfount  of  the  uncertainty  connected  with  the  exact  zone  of  change 
from  a  commercial  to  a  noncommer(;ial  bed,  it  has  seemed  inadvisable 
to  make  an  estimate  of  the  good  coal  still  available.  It  is  believed, 
however,  that  the  amount  is  large  and  will  repay  careful  prospecting 
with  the  diamond  drill. 

WINSLOW   COAL    (NO.  6). 

Geologic  position, — ^The  next  lower  workable  coal  in  this  district  is 
known  as  coal  No.  6  in  the  Kentucky  reports.  It  is  known  as  the 
"  limestone  coal  "  in  the  region  about  Ashland,  Ky.,  from  its  position 
as  tlie  first  really  important  bed  above  the  Vanport  ("  Hanging 
Rock  ")  limestone.  The  names  Keyes  Creek  and  River  Hill  coal  are 
also  aj>pli(»(l  to  it.  In  Ohio  this  bed  is  known  as  the  Newcastle  coal" 
and  is  correlated  with  the  Lower  Kittanning  of  Pennsylvania.  It  is 
usually  found  about  20  feet  or  more  above  the  Vanport  limestone  or 
ore,  and  its  distance  below  the  Coalton  is  from  40  to  50  feet.  About 
midway  between  the  two  coal  beds  is  the  red  kidney  iron  ore.  These 
thre(»  well-known  horizons  should  serve  to  readily  identify  this  bed  of 
coal.  Near  Ashland,  Ky.,  and  Coalgrove,  Ohio,  the  rocks  associated 
with  it  aie  massive  sandstones  and  all  over  the  northeastern  part  of 
the  district  where  this  coal  is  workable  the  beds  both  below  and  above 
it  are  prevailingly  sandy.  The  conditions  under  which  the  top  of 
(he  Poltsville  fornuition  was  deposited  seem  to  have  continued  into 
eaily  Allegheny  time. 

h\rt('nf. — The  outcrop  of  the  coal  where  workable  has  not  been 
indicated  on  the  map,  for  the  Winslow  lies  so  close  below  the  Coal- 
ton  coal  that  the  representations  of  the  two  would  be  well-nigh  indis- 
tin<j:uishal)le.  The  Winslow  outcrops  in  the  northern  part  of  Boyd 
County,  where  it  is  extensively  mined  and  used.  Outside  of  this 
part  of  the  <iuadran<rle  the  coal,  so  far  as  known,  is  not  workable 

•  Ohio  CJool.   Survoy,  vol.  5,  1884,  p.   122. 
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over  any  great  area.  It  is  particularly  important  about  the  city  of 
Ashland.  Along  Little  Hood  Creek  it  is  present  in  the  hills  ou  both 
sides,  and  near  Pollard,  Oakview,  Winslow,  and  Summit  there  are 
openings  on  nearly  ©very  farm.  On  account  of  its  developineBt 
about  Ashland  it  was  thought  that  the  name  ^'Ashland  coal  *'  might  be 
applicable,  but  the  nest  higher  workable  coal,  or  Coalton  bed,  is  some- 
times liuippropriately  known  by  that  name.  The  name  "  Winslow 
foal '"  will  I>e  uned  in  this  report,  us  the  l>ed  is  now  1>eing  mined  on  a 
commercial  scale  at  Winslow  on  tlie  Chesapeake  and  Ohio  Railway, 
a  short  distance  southwest  of  Ashland,  Thi?5  bed  of  coal  y  present 
in  all  the  hills  between  Little  Hood  and  Catletta  crtseks,  along  Ohio 
Ri\er>  and  on  Ke> es  Creek, 

Dereiof/menL — It  is  extensively  developed  in  a  small  Aray  in  the 
northern  part  of  Boyd  County.  In  most  places,  howevin%  the  njwra* 
tioiis  are  tm  a  ,small  scale,  most  of  the  railroad  mines  apparently 
being  closed,  with  the  exception  of  mine  No,  8  of  the  Ashland  Iron 
and  Mining  Company  at  Winslow.  About  Ashland  the  coal  is  exten- 
sively mined  at  small  banks  and  hauled  in  wagons  to  the  city,  where 
it  supplies  the  local  demand  for  fuel,  and  is  used  also  by  the  Ashland 
brick  plants,  by  the  river  boats,  by  the  furnaces  of  the  Ashland  Iron 
anil  Mining  Company  for  generating  steam,  and  in  other  ways  up 
and  down  Ohio  River.  It  is  highly  regarded  as  a  steaming  coal  and 
retails  in  Ashland  rind  Catlettsbnrg  at  8  or  f>  cents  a  buslich 

Charaeta\ — The  Ohi*>  report^^  state''  that  coal  from  this  bed  has 
furnished  the  entire  supply  of  Ironton  for  nmn uf act n ring  and  domes- 
tic purposes  and  that  upon  the  mines  of  this  bed  all  the  manufactur* 
ing  interests  of  Ironton  have  been  built.  This  is  very  high  praise 
for  a  l>ed  of  eoah  Tlie  section  of  this  bed,  together  with  the  quality 
of  the  coal  around  Ironton,  are  strictly  cornpunible  with  similar 
features  of  the  coal  at  Ashland.  The  two  towns  lie  within  sight  of 
one  another.  The  accompanying  sections  (fig,  8)  give  a  fair  idea 
of  the  thickness  of  the  coal 

From  the  sections  it  will  be  ol>served  that  the  coal  usually  occurB 
in  three  benches,  the  upper  two  separated  gt^nerally  by  a  thin  bone 
parting,  rarely  more  than  U  inches  thick,  Thest*  top  benches  with- 
out the  bone  parting  range  in  the  aggregate  from  2^  to  3  feet  in 
thickness.  They  are  separated  from  the  lower  bench  by  a  clay  or 
shale  layer  Ji  to  S  iriclics  thick.  The  lower  l>ench  is  from  f>  inches  to 
2  feet  thick  and  is  nsnally  worked.  The  roof  of  the  coal  is  sandstone, 
though  in  plact^s  between  the  top  of  the  coal  and  the  base  of  the 
overlying  sandstone  a  few  inches  of  dark  shale  is  present.  The 
sandstone  locally  thickens  up  and  replaces  the  coal  completely,  and 
rolls  of  a  few  square  feet  in  area  are  not  unconmion.  Some  slight 
faults  are  reported*    The  floor  of  the  coal  is  usually  clay.    The  coal 
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in  the  upper  two  l>enches  is  splhity  ami  liiirilt^r  tlmn  that  in  the  lower 
l^piirlu  which  crushes  badly  in  the  pilhirs*  Like  the  other  coals  in  the 
tJistrict,  tlie  upper  tw^o  benches  readily  lireak  into  blocks  or  *?labs  0 
iiichas  or  more  thick.  The  coal  Hlioiild  be  classed,  therefore^  as  u 
^eiijil>luck  coal  It  is  not  a  gofitl  coking  coal,  but  nfter  Ijeing  washed 
has  been  made  into  coke  by  the  Ashland  Iron  and  Mining  Company 
and  used  in  the  furnaces  in  Ashland,  Tlit^  coke  is  apt  to  l>e  soft  am 
spongy  and  contains  a  rather  high  [>erccntage  of  sulphur.  The  r* 
suits  obtained,  however,  when  mixed  wath  a  small  amount  of  P< 
hontas  coke  were  satisfactory,  and  a  very  good  coke  was  made  b 
mining  it  with  a  small  amount  of  Kanawha  coal  and  coking  the  mix^ 
ture.  Like  all  the  coals  in  this  district,  it  bears  stocking  and  trans- 
portation well. 
±_       2       J_    .„!.      5         6         7         8         9        to         n         12         I 
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Fio.  g,— Section H  of  Wltiti*tw  mnl  <KPiitiicky  Nft.  flj  in  north«rn  part  nf  Roj^d  County 
!♦  2,  CouJi,ty  rodd  one-lmlf  inlle  f*ast  of  Wlti»low :  Ih  AnUtand  Iron  nnd  Mining  Cufl 
|niii>\  William  Wnrt^,  lc*?^»4i"o.  iif^ar  Winnlow  :  *!,  Mrn.  (ii^irtst*  McEnijilit.  lUr^'f*-fourt| 
mllf  north  «?f  Whmlitw ;  .'n  Nam^y  MrKnlyht,  threc-foqrthfi  tnlU<  nortbeast  of  W'inilowJ 
C,  AHhUinil  Iron  and  Mhilii}^  i'tuiipiiity,  So.  8.  WiDsUiw :  T*  J.  M,  PerffUSAin*  mtuth  of  Ank 
land;  a,  Jamoft  l-nttpn,  Kt^ycs  Crt^ok;  n,  noar  Oakvlew  tA»lilp,r)  ;  10,  .Tnhn  OprBf 
near  Oakvtpw  (Awlilfy)  ;  1  U  In  liHiR  wt'sr  of  A»h1nm1 1  12.  Uiisli ;  i:i  NeWfRstlf  ^hu 
Olilo,  secdon  at  Ncwcaatlt.  Ohio  GtHiL  SurTt^-,  vi»i.  "s  imi.  p.  1044,  Scale,  1  tucb^l 
fpet. 
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6,li 

41  .as 

47.e5f 
1.40 


3,40 

a£.4o 

8. so 
1.2» 


2,04 

7.T4 
1.87 


2.70 

52.00 
«.G0 
1,71 


4.04 

O.OQ 
1.31 


fAl 
1.71 


40.17 
51,40 

a.»4 

1.5T 


J,iT 


1,  Mine  No,  12  of  tbo  Auhiand  lr«n  and  M infill  Company  nrar  Winslow,  Ky 

2,  West  of  A«lil«iid.  ^  ^*     ^     ,    « 

3,  NewcflwiU'  coa!  from  tnunel  ifilne^  near  I  ronton,  Ohio,  Ohla  Geol.  Survey,  ^^1,  % 
1884,  p,  it»4,1.     N.  W,  l-,ora.  analyst. 

4*  l*urkey  rt>n  Hollow, 

5.  Kf*yt's  ('riH^k. 

0.   Iloriw  Branch. 

7.  Amanda  furnace* 

S,  Av<>rag*'  i>f  first  8*even  analyses. 

t*.  WaBhM  L^al  frijfn  Asbhind  Iron  And  Mlattig  CompftBy'ii  No,  8  mine  at  WUitdmr, 

Uh  Coke  frcim  No.  12. 

AnalVfl^H  1,  *2,  0.  and  10  furnished  hy  Ust*  AMhlanrt  Iron  and  MinJnK  Compsny  :  4,  JL 
0,  «n*l  <  1>T  Pettff  and  Talbutt,  Reijort  on  th(?  i^ttHtern  coal  field:  Kentucky  UeoL  Surtvy. 
roL  C.  p.  ^1. 

it   h 

Tlie 


4 


The  analyses  of  this  ooal  show  discrepancias  so  great  that 
diffictilt  to  Bay  which  represents  the  average  for  the  region. 
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unalyses  furnished  by  the  Ashland  Iron  and  Mining  Company  are 
unfortunately  incomplete,  but  if  the  moisture  in  them  is  considered 
a  part  of  the  volatile  matter  some  idea  of  the  latter  constituent  may  be 
had  by  subtracting  the  average  nioisture  in  these  analyses  where  it  ia 
given  from  the  volatile  matter,  in  which  it  is  apparently  included. 
The  results  obtained  by  thi?^  pnjcesy  indicate  a  content  of  volatile  mat- 
ter between  that  given  by  Peter  and  Talbntt's  figures  and  that  given 
by  Lord.  Averaging  these  results  with  those  given  in  the  las^t  five 
analyses,  the  volatile  matter  represeJited  in  all  will  average  about 
36*59  i>er  cent*  Other  averages  are  given  in  column  8,  Tlie  results 
are  fairly  characteristic  of  a  bituniinous  coal  of  high  grjide.  The 
percentages  of  fixed  carljon  and  vohitile  nuitter  indicate  a  gotid  gti^ 
coal,  but  of  course  a  coal  furnishing  only  a  second-ginde  coke  would 
hardly  be  used  for  gas  making.  Though  the  coal  has  been  wnnlied 
and  coked*  it  furnishes  a  iionmarketable  product.  Coke  from  this 
coal  has  never  Ijeen  used  alone  in  the  furnace,  but  always  with  ?^ome 
standard  coke,  like  Pocahontas  and  Kanawha  coke. 

As  a  steam  fuel  the  coal  gives  excellent  satisfaction.  Its  average 
analysis,  indicated  in  column  8,  shows  a  very  close  reK*mbhuice  in 
comix)sition  to  the  average  analysis  of  the  Coal  ton  coal  in  this  ivgion, 
which  is  highly  regarded  as  a  steam  coah  It  coutiiins  less  niolsture 
thaji  the  CoaUon  coal,  but  mure  ash.  The  sulphur  in  the  average 
analyses  of  these  two  coals  is  abt»ut  the  same  and  the  volatile  matter 
and  fixed  carbon  in  ImjIIi  coals  are  very  close.  In  the  Coalton  coal  the 
fuel  ratio— that  is,  the  (|notient  of  the  fixed  cariMni  divided  by  the 
volatile  nuitter — is  l.t>9  and  in  the  Winslow  coal  this  ratio  is  L43,  a 
difference  of  about  0.25. 

The  sulphur  content  of  the  Winslow  coal  is  rather  higii,  but  with 
resi>ect  to  its  content  of  moisture  and  the  percentages  of  fixed  carbon 
it  compares  very  favorably  with  the  gocnl  grades  of  bituminous  roal 
of  Ohio  and  Illinois*  It  does  not  rank  with  the  best  West  Virginia, 
Pennsylvania,  Kentucky,  Virginia,  and  .Vrkansas  coals. 

Afmi^uiii  of  rrjtfl,— This  coal  has  been  described  as  one  of  the  more 
important  beds  in  the  southern  part  of  Lawrence  County,  Ohio*  It  is 
equally  important  across  Ohio  River  on  the  Kentucky  side  about 
Ashland*  Its  area  of  greatest  development  also  is  confined  to  this 
region*  Southward  about  Cannonsburg  and  Princess  this  bet]  gi-udu- 
ally  becomes  thimiei%  until  at  Rush*  where  the  following  section  was 
obtained,  the  coal  becomes  too  thin  to  have  any  commercial  value 
whatever : 

t^rcfion  of   Wifiitktw  coaf  til   HuHft. 

Feet 

Sbale^  blue,  ^>me  of  It  Ugtit  ni  wlor_^^^„^ ^_-— ^^      1 

Coal  _.______-._.___-^ ^_.......__.^, _____      I 

ghale*  bbrk._^„.__._^____,^^..___...^^^.-_-^ ^__„_.      H 
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It  thus  appears  that  in  the  region  where  the  Winalow  ooal  is  best 
developed  the  next  overljring  ooal  is  not  developed  on  a  workabk 
scale,  and  vice  versa. 

Coal  No.  5  is  reported  by  Crandall  as  having  been  worioed  neac 
Buena  Vista  furnace,  on  Straight  Creek,  Boyd  County,  and  though 
badly  broken  up  by  partings  shows  38  to  40  inches  /of  good  coaL* 
Crandall's  section  at  this  point  is  as  follows: 

Section  of  No.  S  coal  bed  on  StraigM  Cre^k. 
Shale. 
Ooal  and  stiale.  iMntSbm, 

Sbale 6 

CJoal 6 

Shale . : 5 

Ooal . 27 

Shale. 

Peter  and  Talbutt  ^  found  the  composition  of  this  coal  to  be^ — 

AnalyHs  of  coal  No,  5  near  Buena  VUta  furnace,  on  Btraigkt  Ortmk^ 

Moisture 8.20 

Volatile  matter : 82.80 

Fixed  carbon 68.00 

Ash : n^Bo 

Sulphur 2. 00 

No  openings  on  this  coal  were  noted  by  the  writer. 

POTTSYILLE  C0AL8. 

A  brief  description  of  the  rocks  of  the  Pottsville  formation  has 
been  given  on  pages  19-20,  62-64.  It  has  been  stated  that  the  rocks 
of  this  formation  are  prevailingly  sandy,  and  that  associated  with 
these  sandy  beds,  which  may  be  pure  sandstone,  sandy  shale,  or  shaly 
sandstone,  are  three  classes  of  economic  deposits — coal,  fire  day,  and 
iron  ore.    In  this  place  only  the  coals  will  be  considered. 

CATLETTS  CBEEK  COAL   (NO.  4). 

Geologic  position. — The  highest  coal  in  the  Pottsville  formation 
in  this  district  may  be  called  the  Catletts  Creek  coal  from  the  fact 
that  it  is  exploited  along  the  creek  of  that  name.  It  corresponds 
stratigraphically  with  the  Upper  Stinson  coal  at  Boghead  and  with 
the  Lick  Creek  coal  of  the  Big  Sandy  Valley  district.  Its  position 
directly  below  the  Homewood  sandstone  serves  to  locate  it  at  once 
in  the  geologic  column.  Its  distance  above  the  next  lower  workable 
coal  in  this  district  is  probably  not  more  than  40  to  50  feet,  and  it 
lies  approximately  the  same  distance  below  the  Vanport  ("  Hanging 
Rock")  limestone  in  the  Allegheny  formation  in  the  eastern  part 
of  Ashland,  though  this  measurement  depends  largely  on  the  varying 
thickness  of  the  Homewood  sandstone. 

«  Kentucky  Gcol.  Survey,  vo\.  e,  \%%\,  v.  A».  ^\^«a^'^.^. 
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Extent  and  demlopmeni. — Although  this  coal  outcrops  over  a 
broad  area  in  the  district,  it  has  proved  of  workable  thickness  in 
very  few  places  Its  outcrop,  if  drawn  on  the  map,  would  come  a 
little  below  that  of  the  day  indicated  by  the  red  line. 

In  the  eastern  part  of  Ashland  it  has  l>een  prospected  at  numerous 
points  on  the  road  leading  to  the  city  cemetery*  Farther  up  Ohid 
River,  at  the  Weaver  Pottery  Company's  plant,  between  Sandy  City^ 
and  Catlettsburg,  it  was  formerly  worked,  but  the  bank  had  fallen 
shut  at  the  time  of  the  writer^s  visit.  It  is  probable  that  this  coal 
may  l>e  of  workable  thickness  between  this  point  and  Ashland,  al-; 
tliough  there  is  a  possibility  that  it  may  be  replaced  by  the  massif 
Homewood  sandstone  of  this  region.  On  Catletts  Creek  it  is  work- 
able and  may  be  easily  traced  for  2  miles  west  of  Catlettsburg  to  a 
point  where  it  disappears  below  drainage  leveL  In  the  valley  of 
Hood  Creek,  a  short  di&tance  northwest  of  Summit,  it  has  been  opened 
by  William  Crane*  and  near  the  mouth  of  Shope  Creek  A*  J.  Harris, 
on  whose  land  the  coal  has  been  opened,  reports  3^  feet  of  coal  with 
an  important  fire  clay  below.  At  Music  it  has  been  opened,  but  is  so 
badly  broken  by  partings  as  not  to  h^  a  commercial  coal-  So  far  as 
known,  it  is  not  workable  at  any  other  point  in  the  district  Develop- 
ments on  this  coal  are  not  on  a  commercial  scale.  In  all  the  localities 
described  above,  except  at  the  opening  of  the  O'Kelly  Brick  Com- 
pany, it  is  worked  only  during  the  winter  months  for  local  trade. 

Character, — The  reason  for  its  restricted  exploitation  is  at  once 
evident  from  its  section.  It  is,  in  fact,  a  thin  coal  bed,  and  this 
character,  in  connection  with  the  fire-clay  parting  ninning  through 
the  center  of  the  bed,  will  probably  bar  it  from  the  list  of  com- 
mercial coals  of  this  district  for  some  time  to  come.  Both  benches 
nowhere  measure  more  than  2^  feet  together,  and  the  parting  in 
the  middle  is  in  places  as  thick  as  one  of  the  benches  of  the  coaL 
It  usually  has  an  excellent  roof  of  maasive  sandstone,  which  makes 
it  a  safe  and  cheap  coal  to  work.  Its  clay  floor  is  important 
commercially,  for  it  it  is  of  workable  thickness  and  of  a  quality 
enough  to  serve  as  a  bond   in   refractory  brick.     The  coal 

uld  readily  be  worked  at  a  profit  in  connection  with  the  fire  clay, 
and  this  seems  to  have  been  understood  by  one  firm,  the  O'Kelly 
Fire  Brick  Company,  whicli  mines  the  clay  and  coal  in  the  eastern 
part  of  Ashland  (fig,  9,  section  3).  The  coal  is  of  the  lustrous  bitumi- 
nous  variety,  but  contains  splinty  bands  and  is  on  this  account  rather 
hard.    It  breaks  into  thin  slabs  and  hence  is  blocky  in  its  nature. 

TORCn LIGHT  COAL    (  f?0,   3). 

Geologic  pomtion, — The  nest  lower  workable  coal  in  this  district 
is  at  a  distance  of  40  or  50  feet  below  the  base  of  the  Homewood  sand* 
stone  and  hence  at  the  same  distan.ce  be\o^  fti^  Ci%SisX\s  Qlrc^t^  ^;r«^ 
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East  4>f  Daulejton  it  has  twen  opened,  together  with  the  coals  occur-    . 
ring  below  it,  at  a  few  points  about  SO  feet  below  the  top  of  the  Hom^^f 
wood  sand>:;toiie,  which,  in  this  region,  is  a  prominent  cliff  niake^^ 
and  can  be  readily  traced.    This  is  not  the  second  coal  below  the  base 
of  the  Homewood  sands^tone,  as  on  the  Hood  Creek  pike  two  small  l>eds 
were  observed  ut  small  dt stances  above  this  coal.    It  is  very  probable* 
however,  that  it  is  the  next  main  workable  coal  below  that  iJcciuTin": 
immediately  beneath  the  Homewood  sandstone--    It  is  also  certain 
that  this  coal,  which  is  the  one  opened  on  the  lands  of  the  Means  Rii 
sell  Iron  Company  in  the  valley  of  Hood  Creek,  can  not  be  the  Ca 
letts  Creek  coal,  for  the  two  coal  beds  are  found  in  the  section 
exposed  fi-orn  the  point  where  the  main  Hood  Creek  pike  crosses  Hr 
Creek  northwest  of  Pollard  to  the  Flat  woods  area*    It  is  probable  th^ 
it  is  the  equivalent  of  the  Torchlight  coal  of  the  Big  Sandy  Ww 

1  2 


L 

H  i^m^  ^.^i^ilom  of  CurlettB  Vrwk    (Keatuckj  No.  4t   and  Torchtlpht   (K*?nHvfky   Ni 
H  fOJtlK  in  lioyd  County.     CatleitK  Crcpk  coal:   1»  Alps.  Cbapltt,  CnllettH  Crtt^k  ;  2* 

^^H  try    bank,    CrtilettH    Vr^^ki    3.    O'Kclly    Brlek    Cooopanjr*    Ashlnud.      TorcliHght 

^^^B  -I,  noocl  <'ri^i'|[,  >i^ist  of  A^hlaDii.     HcaU%  1  in^h  =^  5  ff^<^t. 

region,  and  of  the  Lower  Stinson  coal  at  Boghead,  and  hence  is  No  J 
ill  the  Kentucky  series, 

E\vieni  and  denelopment — ^This  coal  bed  is  present  ^hoxB  drainaj 
level  in  workable  thickness  over  only  a  small  part  of  Boyd  Coun^ 
Both  to  the  east  and  to  the  south  the  dips  carry  it  below  drains*?' 
level.     To  the   west  and  ,south,  however,  in   Greenup   and   Cart^ 
counties,  it  is  found  above  drainage  level,  having  a  wide  distribntiu 
near  the  western  limits  of  the  quadningle.     Within  this  district 
has  been  worked  on  only  a  small  scale,  owing  to  the  fact  that  it 
thin  and  badly  broken  by  partings,  but   along  Canes  Creek   ail 
Stinson  Creek  in  Greenup  and  Carter  counties  it  is  one  of  the  nic 
important  cannel  coals.     It  is  present  in  workable  thickness  in 
ridge  separating  Little  Sandy  River  from  East  Fork^  but  on 
eastern  flank  of  the  ridges  it  is  not  worked,  except  at  a  few^  count 
banks.    Its  outcrop,  where  known  to  be  workable,  is  indicated  on 
economic  map  (Ph  I),     The  most  important  past  deTelopment  on 
this  bed  was  in  the  valley  of  Hood  Creek,  west  of  the  city  of  As^H 
land,  directly  overlying  a  massive  sandstone*    Though  it  has  lx^<^^ 
opened  in  many  places  northwest  of  Pollard  on  the  lands  of  the 
Afeans  Russell  Iron  Company,  Bi\l\\^  cj^toev^  have  for  some  reason 
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been  allowed  to  fall  in.    The  section  and  character  of  the  coal  here 
are  imknowii.    The  following  is  n  section  of  the  bed : 

Sedition  of  No^  8  f^otiJ  yd  of  the  Kentuvka  fit'oloffical  Surrcif  in  ihp  taUcy  o/ 

tfooii  Cret'k,  iri'tif  of  Auhitttid,  Ky. 

Shale  roof,  IneUes. 

Cmt  with  bony  streaks.^^*^*- — «— ^— - ,     15| 

Coal,  imnminom,  wUli  splhit  bands.,*^ , *__ IH 

Clay ^_„____________,.___._^, .^ _-_.      3i 

Vml  _^— _- -. ^ ^,__^,__^ ^__ , 0 

Flrt^  elay. 

The  bunk  is  situated  so  that  it  is  often  flooded  at  i>criods  of  high 
wutt*i%  The  above  section  m  the  only  one  in  this  district  which  the 
writer  had  an  opportunity  to  measure;  hence  it  would  be  unjust  to 
bam*  u  judgment  as  to  the  character  of  the  coal  on  such  sliglit  evi- 
dence. It  is  apparent  at  once  that  if  the  section  i.s  a  true  criterion  of 
the  bed  J  it  has  little  market  value  at  present.  The  upper  bench, 
which  is  the  main  workable  bench,  may  be  all  coal  in  many  places  and 
not  hirgely  bone  as  indicated.  If  this  bony  character  is  not  widely 
pi'evalent  tbe  upper  bench  alone  would  have  commercial  possibilities. 
The  parliug  l>etwe("n  the  two  Ix'nclies.  in  connection  with  the  thinness 
of  the  lower  bench,  injures  the  value  of  this  bed. 

The  coal  in  the  upper  bench  is  hard  and  contains  splint  bands,  and 
like  most  of  the  coals  in  the  region  will  bear  stocking  and  trans^mrta- 
tion  without  ninch  cru milling.  On  this  account  it  is  a  coal  which 
can  l>e  sliipijed  for  long  distances  and  not  suffer  much  in  transit, 

PANLKVTON    COAL. 

Geologic  poHUion. — The  position  of  the  Danlcyton  coal  Ix'd  in  the 
geologic  column  is  very  plainly  indicated  in  the  section  between 
Argillite  and  Ilood  Creek  (p.  ti4)*  It  is  known  locally  as  the  '*clod 
seam."  owing  to  a  clay  parting  which  it  contains,  0[jcnings  on  it 
have  lx*en  luade  at  many  places  near  Argillite  and  Ihudeyton,  and 
it  may  be  called  the  Danlcyton  coah  It  occurs  110  feet  below  the 
base  of  the  Homewood  saiulstonc  and  from  30  to  40  feet  below  the 
horizon  of  an  ore  bed  which  must  have  lieen  of  considerable  im- 
poitance  in  the  region,  as  it  has  tieen  l>encbed  to  a  gi^eat  extent. 
This  ore  has  been  regarded  by  Moore  as  the  main  block  ore,**  but  its 
relations  to  the  base  of  the  Homewood  imlicate  a  lower  ore.  Cer* 
tJiinly  the  coal  opened  below  it  is  much  too  far  tjelow  the  Homewood 
to  be  regarded  as  the  equivalent  of  the  No.  3  or  Torchlight  coaL 

Extent — The  Danleyton  coal  is  present  in  the  hills  bordering 
East  Fork  of  Little  Sandy  Ijetween  Danleyton  and  Naples,  but  south 
of  Naples  it  is  below  drainage  level.     Near  Argillite  it  occurs  150 

*  Keaticky  QhqI   Survey,  vol.  €,  1684,  p.  138, 
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feet  above  railroad  grade,  and  has  been  opened  in  the  surroimdiBg 
hills.  There  is  an  almost  continuous  line  of  country  banks  on  the 
outcrop  where  it  is  above  drainage  level  on  Gulp  and  Henry 
branches,  and  nearly  every  farmer  about  Danleyton  also  has  opened 
this  coal  for  his  private  use,  A  short  distance  east  of  Danleyton  it 
goes  below  drainage  level.  It  has  been  opened  near  Hunnewell,  oi 
the  Eastern  Kentucky  Kailway,  as  described  elsewhere  (p.  02), 
all  these  points  the  development  is  purely  local. 

Character, — The  accoinpanying  sections    (fig.   10)    illustrate  th 
character  of  this  coaL    They  show  a  striking  similarity  in  their  gen 
eral  features.    The  coal  where  seen  is  always  in  two  lienches,  se 
arated  by  a  clay  parting.    Each  bench  ranges  from  le.ss  than  a  fi 
to  1^  feet  in  thickness.    The  lower  4  or  5  inches  of  the  upper  bench  i^ 
in  places  bony*    The  clay  parting  range;?  from  6  inches  to  moi*e  th 
a  foot  in  thickness*    In  no  place  was  more  than  31  inches  of 
coal  seen  in  both  benches.    The  coal  is  of  the  usual  bituminous  varin 
ety.    The  upper  bench  is  perhaps  more  lustrous  than  the  lower,  but 
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Fro.  10. — Sectlona  of  Danleyton  coaL     1,  Mouth  of  Plgott  Branch  ;  2»  J,  H*  Praitl, 
Creek ;   3,  moutti  of  T^ott  Branch :  4,  Henry  Branch ;  5,  A*  W,   CallfthaQ,   Danl^t^ 
Church  i  6j  south  of  Danleyton ;  7,  Turkey  Fork*     Scale,  1  Inch  ^  5  feet, 

it  may  also  be  dull  and  splinty.  The  lower  bench  locally  l>reaks 
into  blocks  and  contains  splinty  bands.  The  thinness  of  this  bed 
the  presence  of  the  clay  parting  are  serious  hindrances  to  its  com' 
mercial  possibilities.  So  long  as  thicker  coals  are  prevalent  in  the 
region  this  bed  can  hardly  compete  with  them  in  the  trade.  It  is 
conveniently  situated  with  respect  to  transportation,  and  in  the 
future  may  be  developed  for  shipment*  It  is  reported  to  be  an  ezcel* 
lent  stove  and  steam  coal^  and  is  widely  used  by  the  farmers. 


KITTLE  aAHDT  TAIXET  OK  EASTSKIT  KglfTUOKY  SAILWAT  DISTBIOT. 
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The  Little  Sandy  Valley  district  is  in  the  northwestern  part  of  the 
Kenova  quadrangle.  Its  eastern  boundary  is  the  ridge  separating 
the  drainage  of  East  Fork  of  Little  Sandy  and  Williams  Creek  from 
that  flowing  into  Little  Sandy  River.  It  will  be  seen  that  this  m 
an  irregidar  line  running  southwest  from  the  northern  edge  of  the 
quadrangle  to  the  ridgB  )u^  ^«&\»  oi  Mj^t^tS  tunnei    i^uthwe^  of 
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this  point  the  boundary  swings  west  and  south  to  Mount  Savage, 
thus  allowing  a  part  of  the  Little  Sandy  drainage  basin  to  be  in- 
duded  in  the  Chesapeake  and  Ohio  Railwrtj  district.  The  line  of 
the  Chesapeake  and  Ohio  Railway  has  been  arbitrarily  chosen  a^  the 
southern  limit  of  this  area*  The  mason  for  the  choice  of  the 
boundaries  ii?  that  the  district  thus  set  apaH  is  a  unit  commercially, 
all  the  coal  rained  in  it  being  shipped  over  the  Eastern  Kentucky 
Railway,  which  follows  Little  Sandy  River  more  or  less  closely  till 
it  reaches  Ohio  River. 

GEOLOGY. 

This  district  lie^  on  the  northwest  side  of  the  badn^  which  extends 
nearly  across  the  quadrangle  from  its  northeastern  to  its  southwest^J 
ern  border.    The  beds  dip  southeast.     It  will  be  seen  at  once  thati| 
from  the  center  of  the  basin  to  the  northwestern  edge  of  this  area! 
lower  and  lower  beds  appear  in  the  valleys.    Therefore  the  lowest 
beds  stratigTapbicallv  are  those  in  the  valley  of  Tygarts  Creek, 

The  rocks  outcropping  in  this  district  occur  in  both  the  Peunsyl* 
vanian  and  the  Mississippian  serias-  The  former  series  in  this  dis- 
trict includes  the  Pottsville  formation  and  a  part  of  the  Allegheny, 
The  Mississippian  series  includes  the  Maxville  limestone  lying  at  its 
top  and  a  part  of  the  Waverly  group. 

The  ,\Jlegheny  formation  is,  for  the  most  part,  confined  to  the  hills 
east  of  Little  Sandy  River,  but  its  base  is  present  in  the  tops  of  some 
of  the  highest  hills  betw^n  Little  Sandy  River  and  Tygarts  Creek, 

The  next  lower  formation  is  the  Pottsville.  Considered  from  both 
an  areal  and  an  economic  standpoint  this  is  the  most  impoi'tant  forma- 
tion of  the  region.  Its  entire  thickness  is  represented  and,  since  it 
differs  so  markedly  from  its  equivalent  in  the  Big  Sandy  River 
region,  it  has  been  thought  advisable  to  prepare  a  general  columnar 
section  which  will  represent  it  in  this  district  (PL  IV,  p,  28),  It 
includes  the  rocks  from  the  top  of  the  Maxidlle  limestone  to  the  top 
of  the  Homewood  sandstone,  in  all  very  nearly  400  feet.  In  some 
places  it  may  be  thicker  than  this,  but  in  others  its  thickness  may  be 
nearer  300  feet.  The  prevailing  character  of  the  rocks  in  this  for- 
mation is  sandy.  Lying  20  to  30  feet  above  the  Maxville  limestone 
occurs  the  lower  and  one  of  the  most  important  sandstone  members 
in  the  Pottsville — the  "  conglomerate*  rock  ^^  or  "  conglomerate  forma- 
tion ■*  of  the  Kentucky  Geological  Survey.  It  is  not  a  simple  sand- 
stone at  aU  points;  on  Everman  Creek  a  distinct  black  shale  which 
locally  contains  coal  occurs  near  its  middle.  The  fossils  obtained 
from  this  shale  point  to  its  equivalence  with  the  Jackson  shaft  coal 
of  Ohio  and  the  Sharon  coal  of  Pennsylvania.  At  the  top  of  the 
Pottsville  is  another  important  sandstone  member,  the  Homewood 
sandstone,  ranging  from  25  to  50  feet  in  thickness  in  this  ^attkxAasi 
district^  though  in  other  part^  of  tti&  area.  \fc  mag  %XXam  %.  ^^cos^sisfisii^ 
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of  100  feet  or  dwindle  to  a  few  feet  of  sandy  shafe^    There  are  other 
important  sandstones  ia  this  area:  for  example,  liolow  the  Danleytr 
€5oal  about  ArgilUte  and  Hiiimewell  a  ma-s^ive  sandstone  00  to  70  f*f 
thick  shows  in  the  hilK  and  locally  the  shaly  sandstones  and  i^andy 
^ales  so  characteristic  of  thin  formation  assume  a  decide^^Ily  sandj 
phase,  Ijecoming,  in  fact,  true  sandstones,     Tlie  deposits  of  chief  e«x 
nomic  interest  in  the  Pottsville  are  <*oaU  clay,  and  iron  ore.    Ther 
are  at  least  four  diffeii?nt  coal  horizons-  attaining  importanc^e  in  differ^ 
ent  parts  of  the  district,  and  if  th*'  thin  l»efL^  which  ai^  used  locally 
but  which  may  never  n^ume  much  oommerc^ial  importance  be  counted 
the  numl^er  is  considerably  inen-ased. 

The  next  lower  member  in  the  section  is  the  Maxville  limeston^i 
This  rock  has  some  economic  importance  but  does  not  contain  anj^f 
coal  beds.     It  is  very  restricted  in  its  distribution;  it  ouicrt^ps  on 
Ererman  Creek  at  a  few  points  and  in  the  valley  of  Tygarts  Creek^y 
It  is  not  over  20  or  25  feet  thick.  ^M 

Tlie  Waverly  group  underlies  the  Maxville  limestone.     Its  best 
developnitmt  in  this  area  is  in  the  valley  of  Tygarts  Creek.     In  the^ 
hills  about  Wamoek  G.  11,  Ashley  measur^  a  little  over  lOO  feet  o^H 
this  gi'oiip,  composed  of  shale,  shaly  ssmdstone,  and  .^indstone*     The 
Waverly  gvoiip  has  lieen  divided  into  se%^eral  formations,  tlie  topmos^^ 
iff  which  are  the  Logsm.  100  to  150  feet  thick,  and  the  BhiekhamU  54J^| 
to  500  feet  thick.     There  are  no  groimds  to  warrant  dividing  the^ 
rocks  lielow  the  MaxviHe  into  more  than  one  formation  in  this  ai*ed^^ 
They  may  be  regarded,  therefore,  as  belonging  to  the  Waverly  gronj^H 
They  are  of  minor  economic  importance^  as  they  contain  no  coal  beds, 
clay,  or  iron  ore  within  the  limits  of  this  district. 

THE  tOAl^. 

The  rocks  included  in  the  Allegheny  formation  in  this  district 
chiefly  east  of  Little  Sandy  River  and  cover  only  a  small  part  of  thi* 
surface*     The  two  important  coal  beds  in  the  lower  half  of  the  Alle 
gheny— namely,  the  Coalton  and  the  Winslow^^are  present  in  small 
areas  on  the  divide  between  Little  Sandy  River  on  the  west  and  East 
Fork  and  Williams  Creek  on  the  east.    These  deposits  in  general  a 
rather  small  to  be  exploited  conunercially,  though  in  some  localiti 
considerable  coal  has  existed.    At  the  head  of  Stinson  Creek,  for  in- 
stance, the  Coal  ton  coal  is  of  some  importance.    The  remaining  coal 
beds  of  the  Allegheny  formation,  outcropping  along  the  eastern  mar- 
gin of  the  Little  Sandy  River  region,  owing  to  its  southeastern  dip, 
will  be  worked  and  shipi>ed  along  the  Chesapeake  and  Ohio  Railway 
and  are  considered  in  the  description  of  the  district  tributary  to  tha^ 
iine  {pp,  60-82),  ^  " 
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P0TTSY1LT.E  VQkhK 

Geologic  posUkm. — The  liighest  workal^lp  vin\\  in  the  Pottsville  f<»r- 
mat  ion  oeeurj^  uqxiv  thi*  \mm  of  the  Hoiiic^wocxI  mndir^toni^  It  thus  cor- 
respond j5  in  position  with  the  Lick  Cret^k  coal,  south  of  Louisa,  and 
the  Catk^tts  Croek  enah  It  is  opened  and  worked  at  Boghead  by  the 
Iventii(»ky  Cannel  Company,  where  it  occurs  ;^0  feet  above  tlie  Lower 
Stinson  coal  Strictly,  then,  this  coal  shonld  he  caUed  cmil  No.  4,  if 
we  are  to  adhere  strictly  to  a  system  of  nunieruls  for  the  coal  bed^, 
Botli  this  coal  and  the  underlying  IkhI  fall  within  the  Mercer  group 
of  northwestern  Pennsylvania. 

Extent  and  devidopm^ nt, ^^Thi^^  coal  has  been  called  the  **  Yankee 
vein  '"  near  Iluunewell,  and  according  to  report  has  been  worked  near 
that  place*  It  is  of  workable  thickness  over  a  fairly  broad  area*  It 
is  present  and  as  a  rule  is  of  workable  thickness  in  most  of  the  hills 
of  this  district  east  of  Little  Sandv  River,    Workable  thickness  is 
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"Fiij.  11— SecUofiJ*  of  T"|j(»»T  StiiiKctn  t^o«l  iK<*ntticky  No,  4k  I,  *1,  Ki^ntiipky  rmmpl 
rottitjanyt  nrt|?h*^ud,  Ky\i  n.  Miss  l>rt*inly  .Inccilis^,  likU  Wf-at  (if  niacs  Creek:  4i  5*  Motjiit 
Sa™gl^     Sciili\   1  Jni?h=r*  fiv^r. 

reported  about  HunnewelL  hut  its  greatest  thiektiess  is  to  the  south- 
west, in  ihc  hills  at  the  head  of  Wilson  )ind  Upper  Stinson  creeks. 
In  plaiH^s  it  is  a  splint  and  bituminous  coah  and  at  Boghead  it  con- 
tains an  im|>ortant  cannel  layer. 

At  the  hejul  of  the  smaller  tributaries  flowing  into  Wilson  (Yeek 
from  the  east  it  is  opened  on  the  places  of  Miss  Ditrnfly  Jacobs  and 
C-  (h  RramnielL  At  an  opening  on  Miss  Jacobs's  property  the  thick- 
ness of  this  bed  is  well  shown  (fig.  11,  section  3).  On  tlic  coinUy  natt] 
lietwci^n  Boghead  and  Seney  its  bloom  shows,  hut  (be  coal  has  not  been 
ojx'ned  and  little  is  laiown  of  its  Ihit^tness  and  tliaracten  On  Ijower 
Stinsrm  Creek  it  is  worked  by  the  Kentucky  Cannel  C<nnpany  at  Bog* 
head,  and  according  to  report  the  oh]  Lexingion  and  Carter  Coal 
Milling  Company  worked  the  bed  in  tln^  past  in  the  hills  southeast  of 
llie  ])rest*nt  openings  of  the  Kentucky  Cannel  Company,  shipjung 
their  coal  overland  to  the  Chesapeake  and  Ohio  Raihvay  at  Music 
Still  farther  south,  in  the  hills  u<irtli  of  Mount  Savage  furnace,  this 
coal  has  been  opened  and  worked,  though  it  is  rather  thin  and  badly 
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broken  by  clay  partings.    At  some  of  the  prospects  visited  at  otbar 
points  near  Mount  Savage  it  shows  an  excellent  section,  as  seen  j^M 
fig.  U  (sections  4  and  5).     This  coal,  therefore,  is  present  in  wory^ 
able  thickness  over  considerable  territory  lying  between  the  heads  of 
Canes  Ciwk  and  Straight  Creek.    West  of  Little  Sandy  River  it  is 
present  only  near  the  tops  of  the  highest  hills. 

Character. — It  will  be  seen  from  a  study  of  the  sections  of  t1 
coal  bed  that  it  is  very  irregular  in  thickness.  The  coal  at  Boghea 
is  comparable  with  that  meaisured  west  of  Canes  Creek  at  the  ba: 
of  Miss  Drendy  Jacobs.  At  both  these  points  the  bed  consists 
three  benches,  separated  by  either  bone  or  bhick  clay  or  shale  pa 
ings.  The  coal  in  the  upper  bench  ranges  fi'om  7J  to  11^  inch 
and  in  places  has  a  few  inches  of  bone  over  it.  The  middle  bencli 
ranges  from  1 J  to  11  inches  and  is  of  soft  bituminous  coalj  as  is  tl|^l 
upper  bench*  These  two  benches  are  separated  by  a  parting  nc^^ 
exceeding  C  inches  thick  of  bone  or  black  shale.  At  Boghead  the 
coal  shows  a  bottom  bench  of  cannel,  varying  between  9  and  15  inches, 
and  separated  from  the  middle  bench  by  about  0  inches  of  bone  or 
clay.  In  most  places  the  coal  bed  has  a  clay  floor  and  a  shale  roof 
which  requires  carefid  timbering.  West  of  Cane  Creek  the  coal  in 
the  upper  two  benches  is  soft  lustrous  bituminous  coal,  as  at  Bog- 
head, but  Oie  bottom  Ix^nch,  which  measures  2  feet  or  more,  is  splinty 
and  dull.  At  Motmt  Savage  the  coal  appears  to  be  irregular,  show- 
ing in  one  place  the  simple  section  indicated  in  sections  4  and  5  (fig. 
11),  but  in  other  places  being  badly  broken  by  clay  or  shale  part- 
ings and  having  a  roof  of  shale  or  clay  or  the  massive  Homewood 
sandstone.  This  coal  is  opened  at  many  country  banks  near  Mount 
Savage. 

West  of  Canes  Creek  near  the  Greenup-Caiter  county  line  this  coal 
is  developed  in  three  benches;  the  upper  two  are  ordinary  soft  lustrous 
bituminous  coal  and   the  lower  bench  is  hard  and  spliuty.     Both 
varieties  are  mined  for  local  use  in  the  region  and  give  excellent  re- 
sults when  used  for  domestic  and  steam  purposes.    At  Boghead  al^ 
the  upper  two  benches  ai"e  soft  ordinary  lustrous  bituminous  coa^ 
mined  in  connection  with  the  cannel  but  kept  separated  from  it*     T\i^M 
cannel  from  the  lower  bench  is  peculiar  in  structure.     It  is  not  honi<^^ 
geneous  and  compact  and  does  not  break  with  the  conchoidal  fntctuD^ 
characteristic  of  the  more  familiar  types  of  cannel  coal  when  sei^H 
in  large  lumps.     It  is  irregidarly  l>edded,  or  lenticular,  the  individual 
beds  or  lenses  vary  big  greatly  in  their  two  larger  dimem^ions.     I^i 
places  the  widths  however,  is  not  more  than  an  inch.    The  thlcknei^| 
of  these  lenses  varies;  in  some  places  they  are  from  a  quarter  to  ^H 
half  inch  thick^  but  elsewhere  they  are  exceedingly  thin*     Along  the 
bedding  plauas  are  flecks  of  lustrous  materiaL    These  may  be  dut' 
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(1)  to  material  of  different  composition  origiDally  or  (2)  to  material 
which  may  possibly  have  undergone  les^  physical  change  (macera- 
tion) before  consolidation,  or  (3)  some  of  these  patches  may  be 
slickensided  surfaces  or  planes  of  movement,  suggesting  the  possi- 
bility that  the  structure  of  the  rock  may  be  secondary  and  due  to 
movement  after  the  coal  had  l>een  deposited.  ^Alieii  examined  closely 
the  material  composing  the  lenses  is  seeJi  to  be  typical  cannel  in  every 
way,  having  the  dull  appearance  of  more  massive  cannel  coal,  break- 
ing with  conchoidal  fracturcj  and  being  homogeneous  and  compact,  all 
on  a  small  scale.  With  the  exception  of  the  small  lustrous  patches 
and  its  structure  when  viewed  in  large-sized  fragments,  it  is  like 
more  massive  cannel  coal.  The  coal  mined  fi*om  this  bench  is  kept 
separate  from  the  bituminous  coal  of  the  same  bed  andj  with  the 
cannel  from  the  next  lower  bed,  is  sliipped  abroad,  where  it  is  used 
chiefly  as  a  gas  enricher,  being  very  high  in  volatile  matter  and  fairly 
low  in  fixed  carbon  and  moisture. 

LDWKfi   STlNfiON    COAL    iKENTUCJtIf   NO,   3), 

EMeaL — The  next  lower  workable  coal  in  the  Pottsville  formation 
occurs  30  feet  below  that  just  described.  Thus,  were  the  numbers  ap- 
plied to  coals  which  are  workable  locally,  this  ivould  really  be  No,  3  in 
the  series.  This  is  probably  equivalent  to  the  HunneweU  cannel  coal. 
In  the  past  it  was  extcmsively  worked  in  the  vicinity  of  llunnewell 
furnace  and  the  cannel  in  it  was  said  to  range  in  thickness  from  S  to 
4  feet.  It  is  present  in  ftU  the  hiUs  in  this  district  east  of  Little 
Sandy  River,  becoming  higher  in  the  hills  toward  the  west.  North 
of  Turkey  Fork  it  seems  to  lose  its  cannel  bench,  but  south  of  this 

■earn  it  is  worked  by  the  Kentucky  Cannel  Company  near  llunne- 
well for  the  cannel  it  contains.  At  the  head  of  Canes  Creek  its  bloom 
shows  at  several  points  along  the  road,  but  little  prospecting  has  been 
done  on  it  and  not  much  is  known  of  its  character.  Its  most  im- 
portant area  in  this  district,  and,  indeed,  in  the  entire  western  part 
of  the  whole  quadrangle,  is  the  irregular  square  included  between 
Lower  Stinson  Creek  on  the  north,  the  limits  of  this  district  on  tlie 
east,  the  Chesapeake  and  Ohio  Railway  on  the  south,  and  Little 
Sandy  River  on  the  west.  In  this  area  it  is  fairly  uniform  in  thick- 
nessj  though  it  varies  somewhat  in  physical  character.  At  Boghead 
it  is  worked  by  the  Kentucky  Cannel  Company  on  a  commercial 
scale,  chiefly  for  its  cannel  bench,  which  occurs  near  the  middle  of 
the  bed,  On  the  waters  of  Upper  Stinson  Creek  it  has  been  opened 
at  numerous  points.  West  of  this  creek  and  between  it  and  Little 
Sandy  River  the  coal  bed  seems  to  lose  its  catmel  bench  at  most 
points  and  to  consist  of  two  benches  of  ordinary  bituminous  and 
splint  coai    la  the  hills  about  Robin  Rtm  and  the  small  tilhsilw^^^ 
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of  Littlt?  Sandy  Kiver  ^utheast  of  Grayson  it  has  been  opened  at 
many  points  anil  in  every  pluce  is  of  fair  workable  thickness.     Tlie 
persons  on  wliose  land  the  coal  is  worked  iukI  where  ineabureiueai 
were  obtained  are  named  on  page  89.     Most  of  the  hills  west 
Little  Sandy  Riwr  rise  high  enough  to  contain  this  coal  t>ed,  but 
the  time  of  the  writerls  visit  ai>piirently  very  little  prospecting  hit 
been  done  on  the  bed  in  this  region  and  its  identity  with  the  coal  de- 
scribed southeast  of  Grayson  conld  not  be  established  with  any  great 
degree  of  certainty.     What  is  considered  the  equivalent  of  the  Lower 
Stinson  coal  has  been  opened  on  Barrett  Creek  and  Everman  Cretvk 
ami  contains  some  cannel  coal  in  both  benches,  m  indicated  in  tli^H 
section  obtained  on  the  hind  of  David  Ohiklers  {fig.  12,  section  1*2)^^ 
North  of  Everman  this  coal  is  present  over  broad  areas  in  tlie  hills 
l)ordenng   Claylick,    Oldtown,    Lost,    and    Canes   creeks    and    Fall 
Branch,  but  at  no  points  were  any  openings  in  such  condition  as  to 
enable  the  writer  to  measure  or  study  the  coal  in  detail.     Xear  the 
mouths  of  these  creeks  the  coal  will  he  found  between  200  and  BOO 
feet  above  the  bottom  lands.     Crandall*'  states  that  in  the  neighbor- 
hood of  Raccoon,  Buffalo,  and  Laurel  furnaces,  which  are  located  in 
or  near  the  northwest  corner  of  this  district  on  Raccoon,  Cliiylick^^^ 
and  Oldtown  creeks^  respectively,  this  coal  is  present  and  usually  ^^ 
feet  thick.    There  seems  to  be  no  reason  why  it  should  not  be  present 
in  workable  tliickness  over  a  considerable  area  west  of  Little  Sandy 
River. 

C/iaraeier. — The  sections  in  fig.  12  give  an  idea  of  the  thickness 
this  coal  and  the  nnnil)er  and  character  of  its  partings. 

As  will  be  seen  from  the  sections  the  coal  in  some  placets  consis 
of  two  and  in  other  places  of  three  or  even  four  iMUiches,     Son  then 
of  Grayson,  at  most  of  the  country  banks,  it  contains  two  benchi 
(sections  2,  3,  and  4,  fig,  12),  separated  usnally  by  a  thin  bone  pa 
ing.     The  upper  bench  ranges  from  about  a   foot  to  15  inches 
thickness;  the  lower  averages  about  the  same.     The  coal  varies 
character  in  the  two  benches.     At  some  points  a  cannel  layer,  froi 
1  to  2  inclies  thick,  is  present  at*the  top  of  the  upper  bench,  and  at 
tlie  George  Armstrong  l>ank  (section  2,  fig,  12)  a  B-inch  cannel  layer 
was  observed  at  the  top  of  the  lower  bench.     As  a  rule,  the  lower 
l}ench  is  more  splinty  and  harder  than  tlie  upper,  but  this   b  not 
invariably  tnie.     This  bed  averages  about  2J  feet  of  excellent  coal 
in  the  region  st^utheast  of  Grayson.    On  E%'erman  Creek  (section  1 
fig.  12)  it  contains  more  coal  but  also  has  a  bad  bony  parting, 

Wiere  worked  at  Boghead  and  Ilnnnewell,  the  bed  usual ly  coi 
sists  of  three  lienches.    The  tipper  liench  is  ordinary  Instrous  bitum 
nous  coal  and  varies  in  thickness,  being  about  5  inches  thick  at  Bi 
head  and  slightly  less  than  a  foot  at  Hunnewelh     It  is  separat 
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from  the  middle  cannel  bench  by  a  bone  or  clay  parting,  which  h 
from  IJ  to  9  inches  thick,  being  thicker  near  Hnnnewell  than  at 
liogheiMh  The  bottom  U^ncli  is  siniiliir  in  character  to  the  tap  L>t*nch. 
At  Boghead  it  ranges  from  a  foot  to  14  inches  in  thickness,  and  at 
ITimnewplhit  is  slightly  thinner.  It  is  sepuratetl  from  the  middle 
cann**l  Ix'neh  by  n  clay  parting  of  variable  thickness,  this  parting  at 
Boghend  reaching  aliont  t^O  inches.  The  middle  l>ench  of  cannel  coal 
is  tiie  most  vahiable  part  of  the  l^ed  at  Boghead  and  ITunnewell  At 
the  latter  place  it  is  about  15  inches  thick.  At  the  old  Ihmnewell 
workings  3  to  4  feet  of  cannel  coal  were  reix)i"tpd  as  formerly  mined, 
but  no  siich  thicknesses  as  this  are  now  being  worked-     At  Bogliead 


3 

CfLfin^^t 
5'^C*nnel 


ICunneL 


lis" 

ICntinfL 


112'  . 

I  Cannel 


lis* 

IC^nnd' 


to 


12 


U'Canntl 


liS*C«iut«1 


ll4*Cftnnel 


irouimii 


e'^Cannell 


FiO*  12.^-awnons  of  Imwi't  Btlnffon  €oal  (Kentucky  No.  ^}.  l.  Hill  east  of  ^Irayson  ; 
2.  Georgi-  Ariiifiirunir.  2  njtli's^  HOurhii\st  of  Vrny^t^n:  ii^  Rtililn  linn,  i*  mlli^s  sunuhcust 
of  Gmjisoi] ;  4^  Jolin  4*rAwfori|,  Eiabtn  Ruq  ;  r*,  0  lmi*ttstrrfld  by  fr  \l,  AstiJeyK  7-9, 
Keonicky  f'linuel  Toal  t'ompnDy.  Boghi^ud,  Ivy.:  UK  11,  Kt'ntiirky  C'aDnMt  i\mi  Com- 
I>Bji;,  iluuiti^weU  mint':  12.  L>avld  nilldprs.  lOverniim  i*nH?k*     Scale,  1  icicb  =  5  feet. 

is  of  about  the  same  thickness,  but  at  one  point  Doctor  Ashley  meas- 
iii^d  ;2T  inches  of  cannel,  separated  near  the  niidtlle  Ijy  a  brown  slate 
or  clay  parting  5  ineli^  thick.  George  R.  Hislop,  of  the  Paisley 
Gas  Works,  Paisley,  Scotland,  has  examined  tlie  cannel  coal  from 
the  Boghead  anti  Ihmnewell  districts.  Of  the  former  he  Hays:  '*A 
sample  of  this  coal  i^presen ting  the  entire  prodnct  of  the  seiini  is 
black  and  |x>sse.s8es  a  yellowish -brown  streak  and  high  luster.  The 
fracture  is  slaty,  ccatrse,  and  didh  with  impres^^sions  of  stigmariiu 
while  in  cross  fractiim  it  is  conehoidal,  with  coatings  of  fii^  clay  on 
the  natural  partings  [joint  planes  presumably]-  It  is  very  compact 
and  eobesive.  On  tlie  lire  it  partially  and  slightly  intimiescea  Tlie 
color  of  the  aah  in  browse.    It  is  well  de&neA  m  ^Vt'4t^Stf^^Hl\<;sa.^^xvl^Si 
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of  very  uniform  density,'^  His  report  on  the  Hmuiewell  ctniiel  coal 
19  as  follows:  "  The  coal  is  black,  possesses  considerable  luster  and 
yellowish-browii  streak.  The  fracture  is  slaty,  coarse,  and  partly 
semiscalariform,  with  numerous  impressions  of  stigmaria.  The  cross 
fracture  inclines  to  conchoidal,  with  deposits  of  calcium  carbonate, 
clay^  and  iron  bisulphide  [pyrite]  on  the  natural  partings  [joint 
planes].  It  is  massive^  compact,  and  very  cohesive.  On  the  fire  it 
doe.s  not  intuniesce.  The  color  of  the  ash  is  pale  brown.  It  is  well 
defined  in  stratification  and  of  very  uniform  cotuposition  and. 
density." 

Botli  the  Boghead  and  Himnewell  eannels  were  analvssal  and  sul 
jected  to  practical  tests  by  Mr*  Hislop,  with  the  following  results :^ 


ResuUit  of  tVHtit  of  Kentucky  tamwl  ctmL 


Speetflc  jrraTlty  ^^_-_ 


OKKMIOAI.  AHALTSEB, 


Hobture  exi>eUed  at  212"  F. .. 

Volatile  matter ,.«*-_,** *„_, ^_ 

Ffxud  carbOQ ... — ^,. ^__^^_ ^^^ 

Sulphur  ._. .....^.. .... . , 


—per  cent-. 

„,_-do__„ 

.,^ ....do._. 

.....do.... 

„,, do 


Gaa  iier  ton  of  coal  at  60"  F.  and  30  tnchea  barometer.. . 

Ga§  irom  1  eubto  foot  of  co»L„.. ^„,_, 

SpedOc  grnrfty  of  tho  gas.^^__..._ „ *„*„.^^^.*, 

Hrdrocarbom  nbsorbed  by  bromine... ._ 

Durabnity  ol  l  cubic  foot  by  S-Ineli  jut  flatjie,„ . _. 

Value  of  1  cubic  foot  of  gaa  Id  i^pcrui._....^..,.___,_.„^.._**^* 

Value  of  Kfts  Irom  1  tou  oi  toal  in  aiscrm.., .- 

ILIumlDEiilng  power  of  gajj  in  standard  eaodle*-, -*„,* , 

Bulphureted  hydrogen  (KaS)  In  fool  gna ..............-^.„ 

Cftrbon  dk>xlde  (00=)  In  foul  gai,.,. ,___ ...^ 

Carbon  monoxide  CC0>  In  toul  gaa.-— ,.^.,^_„^^.._ *_^ 

Sulphur  ellmluated  witb  volatlte  products... .... 

LiQUm  FRoniroTS, 

T«r  per  ton  of  coal .... . ^ .^. .....galloiu-. 

Ammonlacnl  Uqunr  per  ton  of  ooal.._-....-^.,.__^.^^,^^.,.^_„_»,.,„*,,,do,«. 

Btrtidgtb  of  anjtnoQlacal  liquor _.„.. ... .. '"rwad.. 

Hygrometric  water  ij^t  ioti  of  eoa»__ , _,„^,__,_.„ gnUofift,. 

AqueouB    absorbent    capacity    of    cool    (det^nnlned    by    complete    satura^ 
tloD) . — .„„,„_„ ,.,,. _ -per  cent-. 

Golca  per  too  of  coal * ^__ 

Oarboji  tn  the  coke. 


..cubic  f«t-. 

— do 

air  1,00ft.. 

^...per  cent., 

—mioutei*, 

.** ..grain*,, 

. -pOQDds^ 

-„ ^caudles,, 

.^..-,„per  cent.. 
,..-.^-^ do^ 

_.. pouude,. 


. - .— potmdM.. 

.^^. — *^^.^„,per  cent,. 

Aah  In  thei  coke. . ... . .^ ... ._............ da.^. 

Sulphur  in  coke  por  ton  of  coal , „.__.., poundfl.. 

Heating  power  of  1  pound  nt  twice  (water  from  boUlng  polat  Into  steam) * 
p  ouuda., -. ._ -. .. .. . -^. , 
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SAAT 
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38,15 

1.25 
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T.OO 

9,SS 


20,34 
i.OO 

1.85 


972,83 
lS.fiO 

lUlfl 
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1S.13 

1,7S 

It  J 
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€M 


I 


1,1' 


I 


iij 
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In  summarizing  the  properties  of  these  eaiinels  Mr<  Hislop  makes 
the  following  statements.     Of  the  Boghead  cannel  he  says: 

This  is  an  e-jcceediiigly  rich  cannel  coal,  yielding,  aa  it  does,  an  Itluniljiatiiif 
equivalent  of  2,15a?2  pc*unds  of  sperm  caudles  per  ton,  while  the  coal  contaluB 
a  very  saiaU  percentage  of  water  and  a  moderate  amount  of  mlphar,     TMa 

'  Mr.  Elslop'a  reaulta  were  kindly  fiHUiahed  by  Mi^,  S.  G.  Bates,  of  the  Easterzi   Sen- 
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coal  wUl  be  fotrnd  a  valuable  one  for  tlie  enrlehnjent  of  Inferior  gases.  Com- 
pared with  main  Lesmaliagow  eaanel  coal,  represented  by  lOO  (calculated  on 
the  basis  of  a  prcnJuction  of  l3,(XiC>  cubic  feet  of  gas  and  1,535^  pounds  of  aperm 
per  ton*  oiiiJ  having  regard  also  to  the  value  of  secondary  products  and  the  cost 
of  puHficathni  of  the  ^rasK  this  coal  ts  equal  to  134.03- 

Of  the  Ilunnewell  cannel  coal  he  says: 

This  Is  n  remarkably  rich  tzaunei  coal;  it  Is  easily  distilled,  yields  a  large 

volume  of  315 J5  cantlle  gas,  and  affords  9.9  hund ret! weight  of  coke  fier  tou  of 
medium  quality,  and  quite  avallablif  for  heatiuga  in  furnaces  or  producers  lo 
L'onibmation  with  that  froui  n  bituminous  coaL  The  coal  cootalns  about  the 
avernge  amount  of  sulphur,  but  ji  very  small  per  cent  of  water.  Compared 
with  main  Lesmahagow  caunel  i-oal,  represented  by  100  (calculated  ou  the 
basis  of  product  Urn  of  13,(KMJ  cubic  feet  of  gas  and  1,S35.5  pounds  of  sperm  per 
toUt  and  having  regard  also  to  the  value  of  secondary  products  and  the  coat  of 
purification  of  the  gas>.  the  eoal  is  equal  to  111.23. 

In  the  Kentucky  State  mine  inspector's  report  for  1899  "^  there 
are  some  interesting  comparisoni^  given  Ijetween  other  cannel  coals 
of  Kentneky  and  certain  type  cannels  of  Great  Britain.  The  Bog- 
head and  Hunnewell  cannel  coal  eonipares  favorably  with  these^  as 
will  be  seen  from  the  following  table: 

Re4iutis  of  (c'jf/tf  OH  mnnvl  couh  of  Great  Britain  antt  KentuckU' 


Location. 


Gb*  pertou 
of  cjoflJ  <rti' 

i>rtfrc*t). 


umcAT  BitiTAiar. 

Tyoe  Boghend . 

New  B*ttlfS — ^^^^^-^^^ 


PalUuB^  aiwk,,^-*^^^ -. 

BoBf  Greek— —.„._. _ 

Pine vtll^  Coal  Oo.: 

Willjiford. „„„_„„_ 

KeotuckF  CiiTine*  Co. : 

HuDoewellr  Green iTt«  iloimty.... 


1Jt,20l 
12,101 


i4,fak 
ii,e«» 

I5,ift$ 


niumiQut- 

Ing  power 

of  «-iis 
(stanctiird 
candies) . 


34.52 


89.15 
il.24 


Ytiue  of 

tOQ  of  t'OM,] 

rpoundjt  of 
s[)enn} 


1,509.00 


i.wi.gr 


Coke  per 
tcjD  of  cf>al 
(poundi). 


W& 


U7tM 


With  mala  Lesmahagow  tunnel  cual  nn  100  (calculated  on  n  btisia  of  a  yro- 
dnction  of  13,00C>  coble  feet  of  gas  and  1,535,5  pounds  of  siMfrm  per  ton,  and 
having  regard  also  to  the  secondary  products  and  the  cost  of  the  purlflcatlon  of 
tht*  gas)— 

Faning  Rock  caiiuel  is  equal  to ^_,_ ._  112.  OT 


Bear  Creek  cauuel  is  wfual  to,,^ .— 


1:17*11 


PioevlKe  Willaford  caanel  la  equal  to __^^ ,„.  148.  SI 

Kentucky  Cannel  Company's  Boghead  eanuel  Is  equal  to 134. 03 

Keitucky  Cannel  Company's  Hunnewell  cannel  la  equal  to_  111,  23 

The  figures  and  analyses  given  above  need  hardly  any  comment. 
They  indicate  that  the  cannel  coals  of  this  district  now  worked  by  the 

■  See  pp.  111-11$  of  tliftt  report. 
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Kentucky  Cannel  Company  are  of  the  highest  grade,  the  only  hin- 

iirance  in  mining  being  the  moderate  extent  of  the  territory  underlain 
bj  them,  in  ivhicli  respect  they  are  like  most  other  caimel  coals. 


I 

IS 

he 


tJANLEYTON    COAL. 

EmUnt. — About  CO  to  TO  feet  below  the  lliinnewell  cannel  coal  is 
a  bed  which  Imih  been  Jug  near  ITnnnewell  and  which  outcrops  on  the 
hill  on  Cane  Creek  to  the  south*    It  also  occurs  in  the  hill  2  mili 
southeast  of  Grays^on  in  a  simihir  position,  but  locally  at  a  greai 
interval  belom*  the  Lower  8tinsoti  coal     AI>out  Hnnnewell  it  is  call 
the  ^'clod  seam,^^  but  it  can  not  be  positively  stated  that  this  is  the 
"clod  seam"  of  the  Datileyton-Argillite  district.     Tlie  presumptioi 
is  strongly  in  favor  of  their  identity,  but  at  the  time  of  visit  th 
opening  at  Hnnnewell  had  fallen  s^hut  and  the  coal  could  not  be  seen. 
It  is  probable  that  the  bed  occurring  near  Huimewell  about  110  fe 
above  the  road  is  the  Danleyton  bed,  as  the  two  are  chanicteriz 
by  an  nnusnally  massive  underlying  sandstone,  and  their  distanc 
100  feet  below  the  base  of  the  Homewood,  is  about  the  same.     Near ' 
Hunnewell  depot,  about  30  feet  Ixdow  this  bedj  is  a  10-inch  coal  which 
is  probably  not  workable  in  this  district,  and  on  Turkey  Fork  a  small 
4-  to  5-inch  bloom  was  seen  about  the  same  distance  above  it*     It  is 
possible  that  these  eoals  are  those  reported  by  Moore  as  occurrmg 
above  CrandaH's  Xo,  1  coal**  near  Raccoon,  Buffalo,  and  Ijaurel  fur- 
naces; hence  the  coal  under  discussion  would  properly  be  called  No,  3 
in  the  series  of  workable  coals  in  this  region.     The  difficulties  in  the 
way  of  con-elating  this  coal  bed  with  a  coal  bed  west  of  Little  Sandy 
Kiv^er  are  many;    East  of  Little  Sandy  Kiver,  on  Culp  Creek,  Turkey 
Fork,  and  Cane  Creek,  the  position  and  relationship  of  tliis  coal  are 
fairly  clear  with  reference  to  the  key  rocks  at  the  top  of  the  Potts- 
ville  and  at  the  base  of  the  Allegheny;    West  of  Little  Sandy  River 
tlie  latter  beds  are  generally  absent  from  the  hills,  hence  there  is  noth;^ 
ing  definite  to  tie  to  except  the  Sharon  conglomerate,  which  is  soe 
what  scanty  in  its  areal  distribntion.'*    It  is  believed,  however,  tbl| 
this  bed  is  not  of  any  great  importance  w^est  of  Little  Sandy  River, 
conclusion  similar  to  that  I'cached  by  Crandall, 

Developm£}ii. — East  of  Little  Sandy  River  it  has  been  opened  on" 
many  farms  near  Argillite,  but  never  has  been  shipped,  so  far  as 
known.    A  description  of  the  coal  in  this  immediate  region  has  been 
given  nw   page  S±     Farther  south,  in  the  lulls  along  the   Easter^H 
Kentucky  Railway,  it  is  present,  and  has  been  opened  on  Turkey  Forfl^ 
and  near  Hunnewell/  110  feet  above  the  county  road.     The  bloom 
of  this  coal  ^ows  on  Black  Branch  of  Little  Sandy,  east  of  Pactolus, 


'  K^f^ lucky  tVoL  Bnpvi*y*  vuL  C,  1884,  p.  16*  *  Idem.  p.  40. 
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and  in  general  on  all  the  county  roads  east  and  southeast  of  Grayson 
ascending  the  small  creeks  to  their  sources.  On  Upper  Stinson  Creek, 
near  Stinson,  u  mal,  presumably  the  Danlejion,  lies  100  feet  below^ 
the  old  workingti  of  the  Ijexington  Carter  Compan3%  which  has  l^een 
reported  as  working  the  Upper  Stinson  or  No,  4  coaL  This  would 
make  the  coal  come  al>out  70  feet  below  the  Lower  Stinson  cannel 
coaL  It  has  bc*en  pi  ispected  at  this  point,  and  was  reported  22  inches 
thick  with  two  partings,  A  small  coal  20  to  80  feet  above  it  occurs 
here  similar  to  that  on  TinkeyFtirk* 

West  of  Little  Sandy  River  the  tirst  coal  bed  of  any  importance 
above  Crandall's  No.  1  on  Barrett  Creek,  b^ing  thus  No.  2  of  the 
Kentucky  series,  is  found  al>t»nt  120  feet  above  the  top  of  the  Sharon 
conglomerate.  Tt  is  approximately  (SO  feet,  oi-  slightly  more,  above 
Crandairs  No.  i  of  this  region,  and  about  the  same  intervalj  or 
slightly  more  (70  feet) ,  below  Na  3  coaL  West  of  Little  Sandy  River 
this  coal  is  usually  pi-esent,  but,  like  the  first  workable  coal  bed 


1 


3 

I 


Ftu.  Vi. — SccUiiUs  of  iMnkjton  and  Barrett  Creek  (xml«.  haoM'ton  coal:  1,  2,  Ev(?r- 
mao  Cre*^k.  Barrett  Crwh  coal  :  3,  fJeorgp  EvcrrniiEi ;  4.  .Icilju  Duley,  WoJfptm  Dra-nvb  of 
EvorniaD  Crpfk  ;  5,  A,  J.  Womack,  ingUt-liaod  I'^ark  of  Everman  Creek :  <*,  Neiir  S*i- 
tnarla,  U>st  Creok*     Scale,  1  lath  =  5  feut 

above,  it  is  opened  at  so  few  points  that  a  good  idea  of  its  character- 
istics ciin  with  difficulty  be  obtiiined*  Two  openings  on  Everman 
Creek  wei'e  visited,  but  the  coal  is  so  badly  l>rokeii  by  bone  partings 
as  hardly  to  iye  valuable.  Sections  1  and  2,  fig,  IH,  show  the  coal  as 
measured^  It  should  Ije  added  that  these  sections  were  measured  near 
the  outcrop,  where  the  true  character  of  a  coal  is  sometimes  obscured* 
At  the  bank  of  David  Childcrs,  where  the  second  section  was-  ob- 
tained, it  was  reported  that  there  ar«  3  feet  of  coaL  At  the  time  of 
the  writcr^s  visit  in  October  the  owner  had  not  bogun  to  dig  his  winter 
supply  of  fuel  aud  the  itmcr  workings  were  not  accessible.  It  is 
questionable  whether  this  bed  will  add  much  to  the  coal  resources  of 
this  district. 

BABB£TT  CBEEK   VOAL    (NO.  1). 

Extent  and  de mlopnwnt.— The  next  lower  workable  coal  corif}- 
sponds  to  No.  1  of  the  Kentucky  Geological  Survey.  In  CrandalFs 
general  section  this  coal  is  placed  about  40  feet  alwve  the  top  of  tho 
Sharon  conglomerate,  which  is  practically  the  same  position  as  is 
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given  to  it  in  the  writer's  general  section,    (See  PL  IV,  p.  98-)    It  is 
about  60  feet  below  the  next  higher  workable  coal,  but  its  position 
with  reference  to  the  Sharon  conglomerate  where  this  bed  is  presem^^ 
will  serve  in  most  places  to  identify  it     Crandall  has  stated  tha^^ 
'*  it  appears  to  l>e  the  equii'aleiit  of  the  Jackson  Shiift  coal  in  Ohio*""^ 
This  is  perhaps  placing  the  equivalent  of  that  Ohio  coal  a  little  too 
high  in  the  Kentucky  series,  for  the  coal  associated  with  the  black 
shale  lying  within  the  Sharon  conglomerate  on  Everman  Creek  ap- 
pears to  contain  a  fossil  flora  similar  to  that  of  the  Jackson  Shaft 
coal  of  Ohio,  and  hence  is  probably  more  nearly  the  stratigraphic 
equivalent  of  the  Ohio  coal  than  the  bed  50  to  60  feet  above  the  top 
of  the  Sharon.  ^J 

The  coal  has  been  developed  on  Barrett  Creek  at  many  points.  I^| 
has  also  l>een  opened  on  Wolf  pen  Branch  and  Kighthand  Fork  of 
Everman  Creek.  On  Canes  Creek,  about  2|  miles  west  of  Hopewell 
station,  it  has  been  opened  by  Marion  Smith,  and  though  reported 
thin  it  is  of  excellent  quality  for  smithing  purposes.  On  Lost  Creek 
near  Samaria  it  has  been  opened  on  the  hind  of  Mn  Stevens.  Its 
bloom  also  shows  on  Oldtown  Creeic  and  its  north  fork.  It  is  present 
in  all  the  hills  in  this  district  west  of  Little  Sandy  River  and  will  be 
found  in  workable  thickness,  at  least  for  local  use,  over  a  broad  area. 

East  of  Little  Sandy  the  coal  is  not  so  extensively  distributed  aliove 
drainage  le\*el  owing  to  the  eastern  dips.  Between  Argillite  and 
Laurel  it  appears  as  a  small  bloom  at  a  few  points  on  the  county  road 
along  the  Eastern  Kentucky  Railway,  but  has  not  been  opened,  so  far 
as  known.  It  is  probably  this  coal  which  is  opened  at  a  few  points  on 
Cane  Creek  south  of  Hunnewell,  where  it  is  about  a  foot  thick.       ^d 

Character, — The  sections  in  fig.  13  give  an  idea  of  the  thickness  a^M 
the  Barrett  Creek  coaL    The  sections  show  that  it  is  comparatively 
thin,  and,  though  usually  of  workable  thickness,  at  many  points 
falls  below  what  might  be  regarded  as  commercial  reqiiirenieiiU  fu 
this  region,  namely,  2  feet.    It  consists  at  most  points  of  two  benche 
an  upper  carrying  from  1  to  2  feet  of  coal,  and  a  lower,  iisuallTr 
thinner,  ranging  from  2  inches  to  a  foot.    It  has  near  its  base  a  clay, 
shale^  or  bone  parting,  in  places  6  inches  thick.    Crandall  ^  reports 
this  coal  bed  as  being  at  Raccoon  furnace,  just  north  of  the  northwes^^^ 
ern  corner  of  this  area,  about  30  inches  thick;  near  Buffalo  furna«^ 
on  Clayliek  Creek  3  feet,  with  a  clay  parting  near  its  middle;  and 
near  Hopewell  station  3  feet*    The  coal  is,  for  the  most  part,  of 
soft  bituminous  type,  but  in  some  places  the  lower  bench  is  hard  am 
splinty.    Mr,  Ashley  observed  a  thin  cannel  bench  at  the  top  of 
upper  bench  on  Lost  Creek.    The  coal  is  regarded  as  of  very  hi^' 
grade  for  local  and  smithing  purposes, 

■  Kentucky  G^ol.  Sunr^,  voV,  C,  VBM,  p,  11.  ^  ideoi,  pp,  11-ia. 
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About  50  to  60  feet  below  the  Barrett  Creek  coal  occurs  a  single 
small  coal  bed  and  in  places  a  second  coal  a  few  feet  still  lower. 
These  are  thin  beds  lying  near  the  top  of  the  Sharon  conglomeratej 
and  possiblj  the  lower  coal  is  within  the  stratigraphic  equivalent  of 
the  Sharon*  Where  only  one  of  these  coak  is  present  it  is  impossible 
to  tell  which  of  the  two  it  is*  One  of  these  coals  was  exposed  in  an 
excavation  below  the  post-office  at  Grayson  and  appears  at  several 
points  on  the  county  road  t>outh  of  the  town*  It  was  opened  in  the 
bed  of  Town  Branch  to  the  west*  It  rests  directly  on  a  thin  bed  of 
quartz  or  quartz-like  micaceous  sandstone,  not  over  5  to  6  feet  thick, 
which  is  a  fairly  persistent  stratum  in  the  immediate  neighborhood  of 
Grayson.  The  two  coals  near  the  bridge  over  Little  Sandy  Eiver, 
east  of  Grayson,  are  probably  equivalent  to  the  coals  just  mentioned 
south  of  the  town.  They  also  are  too  thin  to  work  at  this  point.  In 
the  valley  of  Upper  Stinson  Creek  directly  east  of  Grayson  two  coals 
show  just  at  the  foot  of  the  hill  to  the  left  of  the  road  going  east,  and 
at  the  edge  of  the  meadow  the  lower  of  these  coals  is  20  inches  thick 
and  has  a  bone  floor  and  a  shale  roof*  The  fossils  collected  by  Mr* 
White  were  not  distinctive.  Kear  the  north  end  of  the  tunnel  of  the 
Eastern  Kentucky  Railway,  south  of  Hopem'ell,  this  coal  shows,  but 
here  also  is  too  thin  to  work.  The  coal  was  also  noted  east  of  Pactolus 
on  the  hills  near  Black  Branch,  where  it  is  too  thin  to  export,  though 
it  is  of  some  local  importance. 

The  lowest  coal  of  importance  in  this  region  occurs  within  the 
Sharon  conglomerate  itself.  The  dual  character  of  this  sandstone 
member  is  shown  on  Everman  Creek  near  its  junction  with  Wolf  pen 
Branch  J  where  a  black  shale  is  present  15  to  20  feet  below  its  top. 
In  places  this  shale  is  coal  bearing,  and  the  thin  coal  found  in  this 
position  at  the  farni  of  John  Dnley  farther  up  Wolf  pen  Branch  is 
regarded  by  David  Wiite  as  the  stratigraphic  equivalent  of  the  Jack- 
son Shaft  coal  of  Ohio  and  the  Sharon  of  Pennsylvania,  This  coal 
has  also  been  worked  on  Barrett  Creek  almost  at  water  level  Oppo-  , 
site  the  residence  of  L,  D.  O'Roarke  6  inches  of  coal  shows.  The 
cxsal  has  been  opened  farther  up  the  creek^  where  the  county  pike 
turns  over  the  hill  to  Everman  Creek.  On  Canes  Creek  the  Sharon  is 
very  massive,  and  this  coal  again  appears  but  is  only  6  inches  thick 
Like  the  other  coals  below  No.  1,  thi^j  is  too  thin  to  be  commercially^ 
valuable* 

DliTmZCT  XaiBUTAEY  TO  SOlTTHiaK  rEEKIinrS  OF  EASTEEir  KEITTXXOICT 

B.AIXWAY. 


EXTEKT. 


tThe  districtj  including  approximately  the  southwestern  quarter  of 
the  quadrangle,  contains  in  its  northern  part  the  soullv^t^  ^  ^ck^sss.  *^\ 
tiw  Etitero  Kentucky  Railway,  peering  ikvou^'WXJO^a^  m^.^  %Tv&3i% 
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■  at  Webb\411e,    Nearly  all  the  lumber,  staves,  and  country  merchandise 

I  shipped  out  of  this  region  go  via  this  railroad^  hence  the  reason  for 

I  applying  the  above  title  to  it.     It  includes  all  of  Elliott  County  wit 

I  the  Kenova  quadrangle,  the  extreme  western  part  of  Lawrence  Count; 

I  and  a  very  small  portion  of  southern  Carter  County, 


GEOLOOy, 
STBATIGRAPHT, 


The  Conemaugh,  Allegheny,  and  Pottsville  formations  art*  rep* 
resented  in  this  district.  In  the  northern  part,  east  of  Willard,  in 
tlie  detspest  part  of  the  basin,  the  surface  is  entirely  madi.^  up  of  . 
Conemaugh  rocks.  Immediately  west  of  Willard  and  in  a  few  isQ^M 
la  ted  areas  on  the  hilltops  west  of  Diy  Fork,  Conemaugh  rocks  out^^ 
crop*  A  good  idea  of  the  character  of  this  group  of  rooks  may  be  had  , 
by  climbing  the  hill  east  of  the  mouth  of  Thompson  Fork  or  aseeiidin^H 
Lost  Branch,  Belle  Trace  Creek,  Beetree  Fork,  or  Straiglit  Creek  c?a^^ 
of  Denton.  Between  300  and  400  feet  of  the  Conemaugh  is  nliown, 
consisting  of  sandstones,  shales,  limestones,  iron  ore,  and  coal  streak 
The  coal  in  this  formation  is  too  thin  and  pockety  to  he  of  any  im- 
portance except  locally.  There  arc  at  least  three  or  four  thin  l>ed^ 
of  limestone,  the  most  persistent  being  a  siliceous  bed  4  to  5  feet  thick 
lying  near  the  l)ase  of  the  Conemaugh,  about  180  feet  aliove  the  C4:ml- 
ton  coal  as  measured  at  Willard*  This  limestone  and  possibly  the 
higlter  beds  might  be  used  locally  as  a  source  of  fertilizer.  The  lower 
limestone  probably  corresponds  to  one  of  the  Cambridge  limestones 
of  the  Ohio  geologic  section.  There  are  some  rather  massive  sand- 
stones scattered  through  the  group  of  rocks,  notably  in  its  lower  100 
feet.  Some  of  tlie  sandstone  appears  to  be  good  enough  for  building 
purposes. 

The  Allegheny  formation  is  in  this  district,  as  usual,  the  most  ii 
portant  from  an  economic  standpoint.     A  section  measured  west 
Willard  gives  a  fair  idea  of  the  sequence  of  the  coal  beds  in  it.     It 
must  not  be  understood  that  all  the  coals  observed  in  this  section  will 
appear  hi  the  Allegheny,  in  other  parts  of  this  district,  for  the  forma- 
tion is  somewhat  variable.     As  an  instance  of  this,  on  the  west  side  of 
the  hill  where  the  following  section  was  measured  the  formation  had 
thinned  somewhat*  and,  thougli  the  exposni-es  were  fairly  good,  few^ 
coals  were  found  in  it. 

Section  in  MU  went  of  WUlard,  Carter  Count t/J^ 

Top  of  hiJU  FeeU 

Stttidstcnie,  tuaselvc,  and  sandstone  debris 45 

Llmeatone,   miissLve,  Urab,   fus&illferous    (Cambridge   Ume- 

stone) _.,__- .,^__„, .— >^  4-5 

Partlj?  concealed  witb  sandy  debris  and  sandy  slia1ee^^_^__     60 
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Feet. 

Sandstone,  massive,  white  to  light  brown 25 

Coal  bloom  No.  9  (top  of  Allegheny). 

Fire  clay 2-3 

Shale,  sandy,  and  shaly  sandstone 20 

Coal  bloom  No.  8. 

Concealed  and  sandy 1.5 

Limestone,  yellow .       1^4- 

Shale,  drab 15 

Coal  (workable)  No.  7. 

Sandstone,  laminated 20 

Ore,  limestone. 

Concealed 10 

Coal  bloom  No.  6. 

Shale  (fireclay  at  top) 15 

Coal,  two  small  blooms  6  inches  apart. 

Shale  and  fireclay 20 

Coal  bloom  No.  5. 

Sandstone,    laminated 10 

Sandstone,  massive   (Homewood) 30 

Coal  bloom  (coal  has  been  worked). 
Fire  clay. 

Sandstone  and  shale 15 

Coal  bloom  (coal  has  been  worked). 

Saaidstone 10± 

Base  of  hill. 

The  Allegheny  formation  ranges  in  this  district  from  about  120 
feet  to  possibly  200  feet  in  thickness.  In  places  it  may  even  be  thin- 
ner than  120  feet.  It  includes  at  least  three  valuable  coal  beds  work- 
able at  different  points,  at  least  one  valuable  fire  clay,  and  iron-ore 
deposits,  but  the  bulk  of  it,  as  usual,  is  composed  of  sandstone  and 
shale.  It  forms  the  surface  in  a  more  or  less  irregularly  curved  strip, 
which  follows  the  direction  of  the  contour  lines  from  Straight  Creek 
to  the  southwest  and  then  trends  southeastward  to  the  limits  of  this 
district.  Many  of  the  hilltops  west  and  south  of  the  main  Allegheny 
belt  are  formed  by  this  group  of  rocks.  Roughly,  it  covers  about  one- 
third  of  the  surface  in  this  district. 

The  lowest  formation  present  in  this  district  is  the  Pottsville.  In 
places  it  is  between  500  and  600  feet  thick,  and  it  is  prevailingly 
sandy  throughout,  though  containing  some  shale  beds.  Its  two  most 
prominent  members  are  the  Homewood  sandstone  near  the  top  and 
the  Sharon  conglomerate  near  the  base,  each  of  which  attains  in  many 
places  a  thickness  of  100  feet  of  very  massive  rock.  The  Homewood 
member  is  broadly  distributed ;  the  line  oi  outcrop  of  its  top,  if  repre- 
sented on  the  map,  would  coincide  very  closely  with  the  red  line  which 
indicates  the  outcrop  of  the  fire  clay  associated  with  the  Vanport 
("  Hanging  Rock  ")  limestone.  The  Sharon  (;onglomerate  appears 
in  the  valley  of  Little  Sandy  River,  along  Brushy,  Hood,  and  Upper 
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and  Lower  Luiirel  creeks,  and  on  Field  Branch.     Roughly*  this  for 
matioii  cov£^rs  perhaps  about  one-half  of  (:he  nnrfdre  in  (his  tlistrici 
The  Pottsville  fonnatiou  is  of  importanee  economically,  eonttiinii 
coal  l>eds  hically  workable  arid  at  some  points  cannel  eoalsi.     Tt  al 
contains  iron  ore,  fiit*  clay,  and  sandstone  of  vahie*     These  beds  are 
described  in  detail  under  the  appropriate  headings. 


BTBUCTUBK, 


I 

re 


The  stnicLnre  of  this  dislrict  is  more  involved  than  tliat  of  m\} 
the  districts  previously  do,^Mibed.     The  synclinal  trough  which  trav- 
ei*ses  the  quadrangle  from  uortlieast  to  southwest  begins  to  die  out  in 
the  vicinity  of  Wiilard  and  Webbville.     Between  these  two  towns  the 
basin  rises  sharply  toward  the  west.     About  Webbville  and   to  thi- 
south  the  beds  are  generally  inclined  to  the  north  und  northeast ;  about 
Wiilard  and  to  the  north  the  pitch  to  the  southeast  is  very  sharp. 
Near   Daniels   Creek   the    Homewoofl   sandstone  thickens  abruptly 
tow^ard  the  west,  giving  rise  to  a  slight  diKue  in  the  rocks  lying  on  the     , 
top  of  this  sandstone  and  to  a  slight  ilcpression  or  liasin  as  it  becoine^B 
thinner  again  toward  Cherokee  Creek.     West  of  Cherokee  Creek  th^^ 
structiU'c  is  not  marked,  though  tliere  is  a  graiUud  westward  rise  of 
the  beds,     Abont  the  town  of  Blaine  the  beds  dip  more  sharply  tlian 
at  any  point  in  the  area,  and  at  the  tjriilge  over  Hood  Creek  apparent 
dips  range  from  11'^  to  24°  in  a  nearly  due  north  diret^tion.     Mr*  Ash-     , 
ley  discovered  two  minor  faults  in  the  hills  east  of  Blaine,  but  the|[H 
are  of  small  magnitude,  and  a  short  distance  away  the  l>eds  can  b^^ 
traced  continuously* 

THE   COALS, 

fiiTcexArcja  roALK, 

The  blooms  of  a  few  coal  beds  show  wherever  any  considerable  m 
tion  of  the  Conemaugh  formation  is  exposed.    A  small  coal  l>ed 
curring  \vithtn  10  feet  of  the  bottom  of  the  Cambridge  1  invest  on 
appears  to  be  fairly  persistent  and  has  been  dug  for  local  use  ne^ir  tl: 
head  of  Belle  Trace  Creek,  Jordan  Fork,  and  Straight  Creek,     This" 
coal  is  not  commercially  valuable- 


UPPEH    COALS. 


man] 


The  two  upi>er  coals  of  the  Allegheny  formation  outcrop  at 
points  in  this  district,  but  apparently  ore  too  small  for  exploit»ti.. 
In  the  section  m  the  hill  west  of  Wiilard  (pp*  9&-97)  these  two  coai 
appear,  the  No.  8  or  Hatcher  coal  alniut  32  feet  above  the  Coalto 
trijich  ha$  been  dug  into  along  the  ruadsiile,  and  the  ^Ida  or  No. 


COAL^-SOUTHWEST   QUABTER    OF   QUAUKANGLE, 


99 


coal  about  25  feet  higher  up.  The  iiitervtits  in  this  vicinity  are  «p- 
parently  uitieh  les4>  than  those  prevailing  along  Ohio  Riven     At  the 

head  of  Thoiiipsun  Furlc  tmd  the  tributary  Howitig  into  it  fruni  the 
north  the  Zehk  coal  is  thick  enongh  to  im  worked  for  local  use,  anil 
the  following  section  was  measured  near  the  head  of  the  main  fork. 
(8ee  also  section  1,  fig.  14.) 

M'ction  of  vouf  \(f.  If,  nt'tir  hvitd  of  TImmpsnn  Fm*k\ 

Baudfitoue. 

Bone— --^ —. — - 

Ctintl  ^_.„^ ^__^_, 

Fire  clay* 


LUALniN    LliAL     (NO.    7>, 


Geologir  pimtion,— In  the  northern  part  of  the  district  the  Conlton 
coal  lis  of  considerable  econoniic  importance.  Its^  occurrence  here  is 
mei-ely  the  soutinTestern  continuation  uf  this  eoal  in  the  Che-sajjeake 
and  Ohio  Railway  district*  About  AVilhird  it  is  found  at  65  to  DO 
feet  above  the  top  of  the  Pottsville.  The  former  meas>uremeiit  was 
obtained  in  the  hill  west  of  the  town;  the  latter  is  the  more  usual 
interval.  The  coal  IxhI  oi'curs  oO  feet  above  the  fire  clay  at  the  Van- 
poil  limes^tone  horizoji  at  the  north  end  of  the  town,  about  30  feet 
tibove  the  Winslow  coal,  and  180  feet  Ijelow  the  Cambridge  limestone. 
Owing  to  the  persistence  and  broad  distribution  of  tlie  Cambridge 
limestone  it  will  serve  as  im  excellent  base  from  which  may  \w  calcu- 
lated the  depth  below  the  surface  of  the  Coalton  coal  well  up  on  the 
headwateni  of  the  nunieroiis  snialier  creeks  flowing  into  Little  Fork. 
It  is  quite  possible  that  deviations  from  the  interval  measured  at 
Willard  will  I»e  found. 

Extent  and  dti'dopmcfit. — About  Willard  and  north  of  Webbville 
the  Coalton  coal  has  been  opened  and  worked  at  many  places.  In 
this  vicinity  it  outcrops  well  down  in  the  hills  so  that  tipples  may  be 
conveniently  run  out  to  the  main  line  of  the  Eastern  Kentucky  Rail- 
way or  to  ^hort  spur  track^%  It  outcrops  in  the  hills  Wtw^een  Straight 
Cn^ek,  Belle  Trace  Creek,  und  Ix)st  Branch,  dis^ippeariog  below 
dniinage  level  on  Lost  Brnn*"h  near  the  mouth  of  Crooks  t'reek,  A 
hu'ge  body  of  valuable  coal  still  remains  untouched  in  these  hills, 
and  east  of  the  points  when^  it  goes  below  drainage  level  no  shafts 
have  ever  l^een  sunk  to  reach  it.  Numerous  country  hanks  show  this 
coal  to  be  of  fair  thickness  to  points  about  a  mile  above  the  mouth 
of  Belle  Trace  Creek  and  about  a  mile  above  the  mouth  of  Lick 
Brancli,  west  of  Willard.  South  of  Webbville  the  coal  is  present  in 
the  hills  along  Caney,  Ihy*  and  Kqual  forks,  rising  to  the  south* 
It  has  never  l>een  opened  in  this  region.  West  of  Dry  Fork  and 
Clierokee  Creek  the  rise  is  so  great  that  the  coml  \%  Iqxwn."^  w\x 
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near  the  tops  of  the  hills,  and  consequently  in  sinail  bodies.  It  is 
fonnd  in  tht^  ridgt*  between  Etjoiil  Fork  imd  Ehiini*  Tnice  Brunch 
nnd  to  the  west  in  ihe  ridge  lx*tweei»  Little  Fork  and  Blaine  Trace 
Hnuich,  whore  8^  feet  i*f  nuinel  coal  in  reported;  it  is  pre^iit  also 
in  the  liills  north  of  Hnrrieane  Creek.  West  and  northwest  of  Wil- 
lartl  the  beds  risi-  so  steeply  that  the  C'Oalton  coal  is  present  only 
here  tind  there  in  the  tops  of  the  liighest  hills,  a^,  for  instance,  at  the 
head  of  Field  Bnuich  and  Johns  Branch,  ^M 

The  center  nf  development  of  this  bed  lies  about  Willard   an^^ 
Webbville  and  at  or  near  the  mouth  of  Ijost  Branch,  Lick  Branch. 
nnd   Belle  Trace  Creek.     The  only  hrgi-  commercia!   oi>eration   on 
this  l>ed  is  thai  of  the  Eastern  Kentucky  Kailwav  on  I^st  Creel 


^u 


FiO.  14.^S^ctions  of  Zplda  ftud  CoaUon  coal».     Z«Jdii :  1,  Head  of  Thompson  fort.     Co*!* 
ton:  2h  Ensi  Ki'Htuckjr  R«llwa.v   POlne>  Purnoi?   (Majftpple  post-office),  Lost  Branel) ; 
Jamf*s  n.  WMUams.  Lost  Erqni-h ;  4,  A.   K.   FauKon,  Lost  Brancb ;  5»  ^outbern    part 
Willard:  0.  cast  of  WHlard  ;  7,  cast  of  Wlllard    (Ashley^  :  8,  \K  mouth  of  Dt'Ue  Tm^ 
Cret'k ;   10.   on   LUltp  Fork,  north  of  motith  of  LJck  BraDcb  ;   11,  ni*ar  mouth   i»f  Li^ 
Braoeh,  west  of  WUIurd,  on  Am&U  tributary  from  the  north:  12,  Lkk  BrACich,   west  i 
Willard;  la,  head  of  DaTles  Branch  (Aahley).     Scale,  1   Inch  =  5  feet. 

This  company  formerly  mined  this  Iml  on  an  extensive  scale  sout 
of  Willard,  but  at  present  all  the  old  mines  are  shnt  down.     Fmn 
the  economic  map  an  idea  of  the  extent  of  this  coal  above  drainage 
may  be  readily  obtained.  ^^ 

Character. — The  thickness  of  this  coal  may  be  seen  from  the  se^B 
tions  in  fig,  14,    It  will  be  noted  that  the  coal  shows  great  uniforraitY 
in    its  division    into   benches   and    als<.*   in    tlie   thicknea'5   of  the^^ 
benches,  and,  though  not  indicated  in  the  figures,  the  character  o^ 
the  coal  in  the  different  benches  is  also  uniform*    On  Lost  Branch  ar 
at  the  head  of  Da  vies  Branc^h  where  measurement.^  were  made  thret" 
benches  are  developed  (sections  %  3,  and  IS,  fig.  14.)    The  top  bene 
is  from  4  to  7^  inches  thick  and  is  not  worked.    In  the  immediate  ri 
cmhy  of  Willard  only  two  \>etie\v^  ^N^it^  uotvced  (sections  5^  6,  and 
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7,  fig.  14),  The  upper  bench  is  about  2  feet  thick,  grading  into  bony 
coal  at  the  top;  the  lower  bench  is  usually  a  little  more  than  a  foot 
thick  and  is  separated  from  the  top  bench  by  aii  inch  or  two  of  clay 
or  shale.  Near  the  mouth  of  Belle  Trace  Creek  the  upper  bench 
seems  to  thin  considerably  and  to  range  where  measured  from  15  to 
20  inches  in  thickness  {stvtifms  8  and  9,  fig.  14),  and  the  lower  bench, 
which  is  alx*ut  10  or  17  iuches  thick,  is  comparable  in  thickness  with 
this  l>euch  near  Willard,  On  Lick  Branch,  west  of  Belle  Trace 
i'reek,  the  sections  obtained  are  about  the  ^ame  a.s  those  seen  on  the 
latter  stream.  The  total  thickness  of  these  two  worked  benches 
rarely  reaches  45  inches  and  averages  most  commonly  about  Zi  feet. 
From  40  to  45  inches  f*f  workable  coal  in  the  upper  two  benches  may 
therefore  be  considered  a  maximuui  for  this  bed.  From  the^e  tlvick- 
nesses  it  thins  out  to  nothing  at  some  places  where  rolls  in  the  i*oof 
and   horst*backs  occun 

The  rcK)f  is  as  a  rule  fairly  massive  shale  of  variable  thickness, 
usually  rapped  by  a  very  massive  sandstone.  The  immediate  roof 
is  geiicnilly  l>ony  coal.  The  foreman  of  the  Eastern  Kentucky 
Railway  mine  at  Partloe  reports  that  the  roof  gives  little  or  no 
trouble.  Falls  are  rare,  but  posts  uve  used*  The  floor  is  clay>  but 
so  far  as  known  it  is  not  mined  for  economic  purposes^ 

The  coal  is  bituminous.  Tlie  upper  bench  is  soft  and  full  of 
charcoal  partings;  the  lower  bench  is  hard  and  splinty.  Both  are 
worked  and  shipped,  the  bone  and  clay  partings  being  picked  out 
by  hand.     Mining  is  fairly  difficult. 

The  composition  of  this  coal  is  illustrated  by  the  analyses  given 
on  page  71.  These  figures  are  for  the  most  part  those  of  coals  col* 
lected  in  the  region  about  Rusli,  but  analyses  11  and  12  represent 
samples  collected  from  Lost  Creek  and  west  of  Dry  Fork  near  Wil- 
lard  and  may  be  taken  as  typical  of  the  coal  in  this  vicinity*  Tht* 
application  of  this  coal  to  iron  making  has  been  treated  at  some 
length  in  the  discussion  of  its  chemical  character  in  the  Chesapeake 
and  Ohio  Railway  district  (pp.  70-7H)  and  will  not  be  considered 
further  here.  It  is  not  a  coking  coal,  the  output  of  the  Eastern 
Kentuckv  Railway  mine  at  Partloe  being  used  exclusively  along  the 
railway  for  steaming  and  domestic  purposes,  for  which  it  is  admirably 
adapted. 

wiFSLaw  COAL  (no.  6>* 

Eztent  and  det^eiopfn en t— The  next  lower  coal  corresponds  with 
coal  No.  6  of  the  Kentucky  series  and  has  been  descrilied  in  the  sec- 
tion on  the  Chesapeake  and  OIno  Railway  district  under  tlie  name 
Winslow  coal,  owing  to  its  fairly  extensive  exploitation  at  Winslaw. 
Here,  as  in  the  district  just  referred  to,  it  occupies  a  position  between 
the  Coal  ton  coal  above  and  the  Vanport  ("  Hanging  Rock  '^)  Ume- 
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sitone  below.    In  the   district   nortU   uf  DfltneLs   C'rt?ek.    Lawrein 
County,  and  on  tlie  ridges  east  and  west  of  Blaine  Trace  Rmnrli' 
and  at  the  head  of  Ison  Creek,  Elliott  County,  it  is  usually  from 
45  to  60  feet  above  the  Vanport  linieatone,  and  as  tliis  limeBtone 
is  very  near  tlie  top  of  the  Pottsvilk  or  ntmiewood  ?;nndstone,  t 
same  interval  may  serve  also  when  the  coal  is  refen-ed  to  the  latU' 
horizon.     About  Willard,  near  the  fire-clay  mines  in  the  northerly 
part  of  tlie  town,  the  finuit  of  this  bed  was  noted  about  20  feet  abovi 
the  fire  clay  asstx'iated  with  the  Vanport  linieatone  ami   about 
feet  below  tiie  Coal  ton  coal.     West  of  the  town  it  is  about  the  sa 
distance   lielow   this   coal   and    above   the    Vanport    lirne.^tnne.     l\ 
identification  in  and  about  Willard  is  easy,  as  the  red  limestone  oi 
overlying  the   Vanport   limestone  has  been   exteni?ively   worked 
this  place  in  the  past.     The  coal  is  broadly  distributed* 

Thongli  it  outcrops  in  all  the  hills  about  Willard,  it  has  never 
worked  and  nothing  can  Iw:  stated  definitely  as  to  its  character.  It 
[irubably  tix>  thin  to  be  of  any  great  value*  Its  fihjoni  was  iioteil  in 
the  hills  skirting  Dry  Fork,  Equal  Fork,  and  Bhiine  Trace  Branch 
At  the  head  of  Equal  Fork  and  Perkin.^  Rrancli  it  is  cf  workab!** 
thickness,  and  at  a  few  country  banks  the  i*oal  is  being  open^ni.  la 
this  locality  it  will  repay  careful  prospecting,  for  the  underlying  coal 
also  is  a  most  vahial>le  bed,  tmd  should  the  Eastern  Kentucky  Hailwav 
U^  extended  nnntlnvard  from  Webb vi lie  to  Blaine  it  would  pass  ucHr 
enough  to  the  heads  of  Perkins  Branch  and  Equal  Furk  to  make  the 
coal  in  this  locality  of  probable  connnercial  importance.  South  ttf 
this  point  very  little  is  known  about  it,  but  it  slicadd  ln^  found  in 
the  hills  northeast  of  Canes  Creek  and  in  the  ridges  bordering  Irisl 
and  Cherokee  creeks.  In  the  hills  north  of  Daniels  Creek  and  west 
San  Branch  it  has  been  opened  and  worked  in  a  small  way*  ( 
Brush  Creek,  south  of  the  EUiott-Lawrenee  county  line*  this  coal  h 
been  opened  by  J*  Porter  and  is  snfticieutly  tliick  to  lie  worketl  in  a 
local  way*  In  the  hills  north  of  Mount  Savage  it  seenLS  also  to  ll^M 
fairly  persistent.  At  the  head  of  Ison  Creek,  west  and  northwest  o^^ 
Stepliens,  Elliott  County,  a  cannel  coal  is  found  about  50  to  00  feel  . 
aljove  the  top  of  the  Pottsville  and  is  referred  to  this  horizon.  |^^ 
has  l>ei«u  opened  by  L.  A*  Clark,  W*  B,  Boggess,  Isom  Ison,  and  othcr^^ 
in  this  region.  This  is  the  only  known  occurrence  of  cannel  coal  ut 
this  horiz<uu  Northwest  of  Willard,  near  the  hilltops  at  the  bonds 
Johns  Branch  and  Field  Branch,  this  coal  is  pre>>ent*  bat  the  h 
which  it  covers  is  small,  owing  to  the  steep  rise  of  the  bed^  to 
west. 

Okaraeter,— Tim  sections  of  this  coal  obtained  are  so  few  in  nui 
ber  that  no  reliable  generalizations  can  l>e  made  regarding  its  physic 
character*     Xeither  can  it  l>e  stated  that  their  paucity  is  an  index 
f/ie  thiim^^ii  or  poornesss  of  the  eoal^  for  about  the  head  of  Equal  Foj 
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atid  Perkins  Brancii  and  in  the  hills  west  of  Dry  Fork  n  considerable 
body  of  tliii>  eual  exists  in  workable  thickness-  The  area  underpin 
by  it  is  fairly  comparable  with  that  underlain  by  the  V"«ni»urt  lime- 
stone, which  is  indicated  liy  (he  i*ed  line  on  the  economic  mai>  (PI  I)* 
but  ah  the  coal  liei^  noinewliat  higher  in  the  hills  its  area  will  Ik* 
slightly  smaller  than  that  of  the  limestone.  As  judged  by  sections 
1  and  4,  tig.  15,  this  coul  is  fuirly  comparable  in  this  immediate 
locality  with  the  same  Ix^d  in  the  Chcsiipeake  and  Ohio  Railway  dis- 
trict* It  carries  threi^  lienches,  separated  by  thin  partings  fjf  bone 
or  fire  clay.  The  two  top  benches  are  soft  hitiiniinons  coal;  Llie  low- 
est bench  is  hard  tr^pUnt,  In  this  immediate  territor>^  the  roof  is  shale 
ami  the  Hoor  clay.  Ijittle  is  known  about  the  coid  to  the  west,  except 
ahmg  the  edges  of  the  quadrangle  west  and  northwest  of  Stephens 
and  north  uf  Fielden.  In  this  region  the  coal  is  largely  cauneL  Sec- 
tions obtained  licre  also  show  three  Ixnuiies  (section  3^  fig*  15 )>  This 
coal  has  been  opened  in  the  Ijill  sooth  of  Brush  Fork  by  L.  A.  Chirk 
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pm.  n.— SecOoDs  of  Winniow  coal  (KeDiuflcj  N'o.  ft).  1,  W.  M.  Clark  and  A,  C. 
C'aiPiM»Hl,  head  t#f  Perkics  Branch:  'i.  -k  hf^utl  of  I  son  Creeic  (Ashrejt  :  4,  Dry  Fork; 
5,  Pld^  !>etwe#Q  Equal  Fork  and  Blaine  Tracu  Branch.     HuhIp,  1   Inch  ^  Ti  tv^^t. 

and  W,  B.  Boggess,  and  at  Mr.  Clark's  bank  it  was  rejiorted  4  feet 
thick*  Nothing  is  known  of  its  character  outside  of  the  inconsider* 
able  area  bounded  by  Little  Fork,  Brush  Fork,  and  Critches  Cn*ek, 
and  in  this  district  the  acreage  of  nuinel  coal  is  not  large,  owing  to  its 
position  very  near  the  hilltops.  It  is,  however,  a  valuable  cannel 
coal,  which  will  lie  worked  in  the  future  when  cheaper  transportation 
facilities  are  obtainable. 

CAT  CREEK   CO  AX.    ( IlO,  5). 

Es^fent  and  demlojmient. — The  next  lower  coal  is  the  most  im- 
portant coal  in  this  district*  It  reaches  its  greatest  thickness  along 
Dry  and  Caney  forks  and  Cherokee  Creek  and  in  the  hilltops  north- 
w^est  of  Willard,  at  the  head  of  Johns  Branch,  It  is  the  lowest  coal 
in  the  Allegheny  formation  in  this  area  and  closely  underlies  the 
Vanp«irt  linu*stone.  If  it  were  correlated  with  one  of  the  Pejinsyl- 
vania  or  Ohio  coals  it  would  probably  correspond  to  either  th^^  ^xs:*^- 
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vilk  or  the  Clttrioii ;  c^^rttiinly  not  with  any  of  the  Kittaauiji^ 
for  these  me  all  above  the  Vanport  limestone.  In  thi^  dif^tricfe 
little  cliffieiilty  will  hv  ex|)erieoeeil  in  identifjnng  this  coal  hed 
Its  posihoii  20  ftwt  01'  so  bc4i>\v  the  Van  port  limestone  and  on  or  neaf 
the  top  of  the  HoiiiewiKjd  sandstone*  whieh  along:  Cherokee.  Dry,  and 
Caney  creeks  is  very  massive,  should  serve  at  tmce  to  locate  it.  Thi?^ 
cfml  Ijtnl  without  donbt  corresponds  to  coal  No.  5  of  the  Kentncky 
(teological  Survey,  Its  occurence  in  this  district  nmy  with  a  fairj 
degree  of  certainty  be  regarded  as  the  western  continuation  of  the 
coal  occurring  on  Cat  Creek,  and  so  this  name  is  o^ied  in  this  district. 
It  has  been  carefully  prospected  in  the  hills  lying  about  the  head 
of  t'herokee  Creek,  Dry  Fork,  and  Equal  Fork,  and  along  Caney 
Fork  well  toward  its  mouth.  It  is  present  in  the  hills  bordering 
Dry  Fork  and  dips  rather  ste^ijly  to  the  north,  disappearing  lielow 

2  3  4 


Fio.  1ft. — Soctionn  of  Cat  Crr^pk  cojil  (Kennicky  Na,  S).  1*  J.  C.  Webb.  Cane^  Pork; 
2,  Jaroea  Bryant,  Caney  Fork;  ;i,  neory  Campbell,  Cacpy  Fork;  4*  J.  A*  Vounic,  li**a4 
qf  CUeroke*^  Croek :  G,  Jami^s  Whoelt*r,  rldgc^  east  of  Baekhone ;  6.  7,  Jameit  Adams,  hi^ad 
of  .Tohnu  Rrancb ;  8.  J.  C.  Jobo^on,  m'fiT  biMid  of  Equ:il  Fork.     ScftJe.  1  inch  =  T>  fwt- 
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drainnge  level  before  Webhville  is  reiiehed.  The  same  di|j  in  the 
beds  also  causes  its  disappearance  l)elow  drainage  level  lx*fore  itj| 
reaches  the  mouth  of  Caney  Fork*  It  is  present  in  the  ridge  betweei^f 
Blaine  Trace  Branch  and  Equal  Fork,  and  where  seen  near  Back-^^ 
bone  it  is  a  thick  coal  bed  of  excellent  qnality.  Its  position  is  iiidi-  ] 
eated  by  a  bloom  at  many  places  in  the  ridge  lying  still  farther  to 
the  west  Ix^tween  Little  P'ork  and  Blaine  Trace  Branch.  The 
southernmost  point  where  its  bloom  was  seen  is  in  the  hills  jus 
northeast  of  Blaine^  but  nothing  is  known  of  its  character  here, 
large  territory  is  underlain  by  this  valuable  coal  in  the  I'egion  about 
Caney  Fork,  in  the  hills  along  Dry  Fork  and  Cherokee  Creek,  iai 
the  hills  between  Equal  Fork,  Blaine  Trace  Branch,  and  Little  Fork^ 
and  possibly  south  of  Perkins  Branch.  Xorthwest  of  Willard  thi 
coal  bed  also  appears  in  the  hills  and  has  been  opened  at  a  few^  plac 
at  the  head  of  Johns  Branch,    At  the  banks  of  James  Adams  (sec-; 
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tiatis  6  and  T,  fig.  IG)  and  Jolm  ^Y.  Barlier  the  coal  h  comparEble 
in  thickness  with  the  coal  s^eeD  at  the  head  of  Cherokee  Creek, 

No  attempt  has  lieen  made  to  develop  thin  coal  on  a  commercial j 
scak%  though  the  construction  of  a  spur  truck  up  Dry  Fork  is  ap- 
parently a  simple  matter  and  such  a  spur  would  tap  a  large  body 
of  coaL 

i'haruHer. — Mear^iired  sections  of  this  coal  are  given  in  fig,  IG, 
Tlie  sections  given  for  this  coal  on  Caney  Fork  wei*e  measured  in 
small  country  banks  and  very  near  the  outcrop  and  it  in  possible  that 
I  hey  may  nut  represent  the  true  thickness  of  the  coaK  As  seen  on 
Caney  Fork,  the  coal  will  probably  average  between  3  and  4  feet  in 
thickness*     As  a  rule  the  roof  of  the  coal  here  is  shale, 

\t  the  heads  of  Dry  Fork  and  Cherokee  Creek  and  to  the  west  at 
the  heads  of  Perkins  Branch  and  Equal  Fork  the  coal  attains  its 
great^t  develupnient  in  this  district  At  the  J,  A,  Young  mine,  on  a 
^mall  creek  entering  the  head  of  Cherokee  Creek  from  the  east,  more 
than  4  feet  of  excellent  clean  coal  was  measured  (section  4,  fig.  10). 
From  this  mine  a  large  block  of  coal  representing  the  entire  thick* 
ness  of  the  main  workable  bench  was  taken  to  the  I^ouisiana  Purchase 
Exposition  at  St.  Louis,  At  some  points  in  the  mine  a  lower  bench, 
I^s  than  1  foot  in  thickness,  is  reported,  but  this  is  not  everywhere 
present.  As  a  rule  the  roof  is  shale  antl  the  floor  is  bone  passing  into 
clay.  In  the  ridge  betw^een  Equal  Fork  and  Blaioe  Trace  Branch,  a 
short  distance  east  of  Backbone,  Mr.  Ashley  measured  38  inches  at 
a  bank  owned  by  James  Wheeler.  It  was  reported  that  the  usual 
thickness  is  3|  feet.  Mr.  Ashley  also  measured  30  inches  *of  coal  in 
the  ridge  west  of  Equal  Fork  at  the  bank  of  J.  C.  Johnson,  but  3  feet 
were  reported  to  him. 

The  Cat  Cr^k  is  a  bright,  lustrous  bituminous  coal,  containing 
streaks  of  harder  coal  with  probably  some  splinty  layers.  Without 
much  doubt  it  will  serve  well  for  steaming  and  domestic  purposes,  but 
its  efficiency  as  a  coking  coal  has  not  yet  been  determined.  It  was 
used  to  supply  the  engine  running  the  drill  which  bored  a  hole  2,0<)0 
feet  deep  near  J,  A.  Young's  residence  at  the  head  of  Cherokee  Creek. 
and  it  gave  splendid  satisfaction  as  a  steam  generator.  From  the 
fact  that  it  separates  into  rectangular  blocks  of  fair  siste  and  may  be 
removed  from  its  position  in  blocks  the  thickness  of  the  entire  main 
bench^  it  may  appropriately  l>e  classed  among  the  Idock  coals*  The 
following  analysis  was  made  by  the  Kentucky  Stiite  chemist : 


Jnn/j/Wi  of  ciMil  iVo.  S  fmm  J.  A.  Young'*  bank  ui  head  nf  Vherokee  Vreek, 

Moisture.^ . -^-,^ ._,  .     7.04 

VolatUo  tiifltter.^^ ^^,.^_, ,_ ^ 36.  as 

Fixed earboii ^. _, _^ ^^^^_._,__,^____  53*72 

Ash ^-_,,,_^ — .^ .    z^m 
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The  analysis  shows  this  coal  to  be  of  very  high  grade.  The  mois- 
ture is  rather  high,  but  ash  is  low.  No  sulphur  is  given,  but  this  con- 
stituent was  probably  not  determined,  as  it  is  quite  certain  that  some 
sulphur  is  present. 

Economic  aspects. — The  marketing  of  this  coal  is  an  important  con- 
sideration. The  Eastern  Kentucky  Railway  has  extended  its  line  as 
far  south  as  Webbville,  but  under  present  conditions  this  does  not 
materially  help  the  exploitation  of  coal  at  the  head  of  Dry  Fork  and 
Cherokee  Creek.  To  get  this  coal  to  market  it  will  be  necessary  to 
extend  the  railroad  as  far  as  the  head  of  Dry  Fork  at  least.  This  can 
be  easily  and  cheaply  accomplished,  owing  to  the  easy  grade  and 
absence  of  sharp  curves  on  Dry  Fork.  Should  the  road  be  continued 
to  Cherokee  Creek,  the  divide  would  probably  be  tunneled.  It  may 
not  be  expedient  to  do  this,  for  the  bulk  of  the  coal  could  be  readily 
tapped  by  spur  tracks  from  the  main  line  up  Dry  Fork.  It  is  gen- 
erally understood  that  the  Eastern  Kentucky  Railway  proposes  to 
extend  its  tracks  as  far  south  as  the  town  of  Blaine. 

POTTSYILLE  COALS. 

UPPER    STINSON    COAL     (NO.    4). 

Geologic  position. — In  this  district  the  Upper  Stinson  coal,  though 
widely  distributed,  can  not  be  classed  among  the  important  beds 
except  locally.  It  has  been  stated  that  it  is  the  highest  coal  in  the 
Pottsville  formation  and  that  it  occurs  directly  below  the  massive 
sandstone  member  (Ilomewood  sandstone)  forming  the  top  of  this 
formation.  Its  position  bolow  the  top  of  the  Homewood  sandstone 
and  hence  below  the  Vanport  (''  Hanging  Rock  '')  limestone  is  vari- 
able, depending  on  the  thickness  of  the  Ilomewood,  which  is  also 
variable. 

About  Willard  the  Ilomewood  sandstone  is  massive,  though  not 
more  than  80  to  40  foot  thick.  In  the  hills  horderina:  Dry  Fork  and 
Cherokee  Creek  it  seems  to  be  less  than  50  feet  thick,  but  to  the  west 
it  is  thicker,  at  many  j)laces  from  SO  to  110  feet.  At  the  heads  of 
Justice,  Leadenham,  Hilton,  and  Wells  branches  and  farther  south 
in  the  re<rion  about  Backbone  and  north  of  Stephens  it  is  110  feet  or 
even  thicker.  South  of  Backbone  and  Stej)hens  it  becomes  thinner 
a^ain.  At  the  head  of  Wilev,  Collier,  and  Knob  branches  this  mem- 
ber is  unusually  massive.  Thus  the  Upper  Stinson  coal  occupies  a 
variable  position  with  reference  to  the  top  of  th(»  Ilomewood  sand- 
stone, occurrin^j:  usually  from  40  to  110  fe(»t  below  it. 

E,vtc)kt  atul  (IcrclojuHi  ht. — The  coal  is  broadly  distributed  in  this 
district.  In  its  northern  j)art  it  is  present  in  the  hills  at  the  heads 
of  Ilutf  Creek  and  Field  and  »Johns  l)ranches.  An  opening  l)elongin£r 
to  Silas  Walker  west  of  {\w  head  of  Field  Branch  showed  this  coal 
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to  be  of  workable  thickness.  The  section  measured  is  given  in  fig. 
17  (section  1).  On  most  of  the  waters  of  Blaine  Creek  and  Little 
Fork  the  bloom  of  this  coal  bed  shows,  but  few  openings  on  it  were 
observed,  the  presumption  being  that  as  a  rule  it  is  not  workable.  On 
Hilton  Branch  a  coal  regarded  as  the  equivalent  of  this  coal  appears 
to  be  chiefly  cannel.  About  a  mile  from  the  mouth  of  the  branch  on 
its  north  side,  about  200  feet  above  the  creek  bed,  there  are  two  open- 
ings. At  the  one  nearer  the  mouth  of  the  creek,  on  the  farm  of  Elijah 
Sturgill,  9  inches  of  coal  were  seen  with  more  below,  capped  by  6 
inches  of  shale  overlain  by  very  massive  sandstone.  Mr.  Sturgill,  jr., 
reports  the  usual  thickness  of  the  *cannel  coal  to  be  about  «3  feet  with 
less  than  a  foot  of  bituminous  coal  overlying  it.  Farther  up  the 
creek,  on  the  land  of  William  Corey,  a  section  of  the  same  bed  was 
measured,  and  is  represented  in  section  3,  fig.  17.    Mr.  Corey  reports 
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Fio.  17. — Sections  of  Pottsville  coals.  Upper  Stinson  coal  (Kentucky  No.  4)  :  1,  Silas 
Walker,  west  of  head  of  Field  Branch;  2,  northeast  of  Sarah  (Ashley)  ;  3.  William 
Corey,  Hilton  Branch.  Lower  coals:  4,  F.  E.  Holbrook,  Right  Fork  of  Blaise  Creek; 
5,  A.  T.  Boggs,  Right  Fork  of  Blaine  Creek  (reported)  l  6,  W.  H.  Lyons,  Right  Fork  of 
Blaine  Creek ;  7,  I^vi  Kitchen.  Dry  Fork :  8,  head  of  Leadenham  Branch ;  0,  J.  N. 
Sparks,  Halton  Branch,  west  of  Fielden  (Ashley)  ;  10,  11.  12,  Robert  Green,  Halton 
Branch,  west  of  Fielden  (Ashley)  ;  13,  J.  M.  Green,  head  of  Little  Foik,  west  of 
Sarah.     Scale,   1   inch  «»  5   feet. 

29  inches  of  cannel  as  a  maximum.     The  cannel  coal  was  not  seen 
north  or  soutli  of  Hilton  Branch. 

The  coal  in  this  district,  aside  from  the  cannel  phase  just  described, 
is  of  the  usual  soft,  lustrous  character,  in  many  places  containing 
bands  of  harder  splint. 

LOWER   COALS. 

The  npxt  lower  workable  coal  in  this  district  occurs  in  most  places 
160  feet  below  the  top  «f  the  Homewood  sandstone.  It  will  be  found 
in  this  position  along  Right  Fork  of  Blaine  Creek  and  on  the  streams 
which  flow  into  it  from  the  north  and  on  the  headwaters  of  Little 
Fork.  Possibly  the  coal  opened  by  R.  T.  Berry  east  of  the  town  of 
Blaine  belongs  here  also.  It  is  a  question  whether  this  coal  can  be 
regarded  as  the  exact  equivalent  of  the  Lower  Stinson  or  Torchlight 
bed,  but  in  the  sense  of  its  being  the  second  workable  coal  in  the 
Pottsville,  counting  from  its  top,  it  may  be  called  for  convenience 
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Nd,  li.  A  section  oVjtauiecl  lu  tlit*  ridge  ^outh  of  RurklMiiist*  Briiiich 
sliowetl  tivi3  siiiulJ  void  IhmIs  lyiiig  betwei»!i  the  coal  under  distrUb*ioii 
uiid  what  is  probably  the  top  of  the  Pott.sville  format  ion.  The 
occurrence  of  m  many  coak  between  the  so-called  No,  3  in  this  dil 
trict  and  the  top  of  the  Pott^ville  is  probably  not  very  wiflej^piTacTT 
jiUhough  it  h  quite  probable  that  there  is  more  than  one  coal  in  ttii.s 
intervaL  These  intermediate  coals  may  be  locally  workable.  The 
i'onditions  here  present  a  Htrong  argunient  against  adhering  strictly 
to  a  system  of  numerals  in  correlating  coal  bed^^  over  broad  areai?- 

This  coal,  as  has  been  said,  occurs  160  feet  below  the  top  of  the 
Pottsville  formation  on  Right  Fork  of  Blaine  Ci-eek*     In  the  north 
ern  part  of  this  district  it  will  be  found  at  a  less  distance  from  t 
liorizon,  and  at  the  head  of  Field  Branch  the  interval  can  not  ex^ 
80  to  100  feet.     Here  this  coal  is  not  of  workHble  tliicknes^?,  but  it  is 
of  tnore  than  ordinary  interest  fn>ni  the  fact  that  it  consists  largely 
of  canneL    A  section  measui-ed  on  the  farm  of  Silas  Walker  show 
12  inches  of  eainiel  underlain  by  8  inches  of  ordinary  soft,  bituminoa" 
coal     South  of  tliis  place  a  coal,  probably  the  equivalent  of  this  l^etl* 
has  been  opened  al  the  head  of  Leadcnhain  Branch  by  Jackson  Wil 
cox.     The  coal  liere  has  a  shale  roof  and  Tueasures  a|jjiroximately  2 
feet  (fig*  17,  section  8) ,     Near  Backbone  aod  Stepliens  it  is  found  near 
the  bed  of  the  creek  and  has  Ijeen  worked  on  a  small  scale  for  kxail 
supply.     No  measurements  of  the  coal  were  obtained  in  this  vteinitj^H 
On  Dry  Fork,  about  2  miles  south  of  Webbville,  it  has  been  openeflP^ 
by  Levi  Kitchen  near  the  bed  of  the  creek,  and  the  section  shows 
about  2J  to  Z  feet  of  coal  ci>ntaining  small  partings  of  Ijone  in  its 
lower  half  (fig.  17,  section  7).     This  coal  is  highly  esteemed  in  the 
immediate  neighborhood  for  smithing  and  domestic  purposes.     South 
of  Cherokee  it  will  l>e  tVnmd  near  road  level  above  the  massive  sand 
stone  outcropping  near   the   bridge  o\'ei*  the  creek.     It    has 
opened  at  several  points  in  the  ricinitj  of  Fielden  and  Sarah,  whc 
it  is  called  the  ""  mud  seam/'    On  Canes  Creek,  Kockhoust»  Branch, 
Knob  Branch,  Equal  Fork,  and  in  the  vicinity  of  Willard  t^ections 
obtained  from  this  coal  show  it  to  be  badly  broken,  and,  though  an 
important  source  of  supply  for  local  purposes,  it  is  a  (juestion  whether 
a  coal  with  so  numy  partings  can  Ivecome  of  conuiierciRl  importance  i^^ 
the  near  future.     Except  whei^  the  coal  is  of  t!ie  cannel  tyi^e,  as  oli^^ 
served  near  the  head  of  Field  Branch,  in  Carter  County t  it  is  of  tbt^^ 
same  character  as  the  rest  of  the  cuals  in  this  district — namely,  partly 
splint  and  partly  soft,  lustrous  bituminous  coul. 

The  Barrett  Creek  coal,  or  No.  1  of  the  Kentucky  serie^s*  has  1> 
opened  at  a  few  pointi^  on  Deer  Creek,  northwest  of  Willard,  ar 
near  Rosedale.    The  coal  on  Deer  Creek  show5  at  the  two  pdini 
where  measured  a  somewhat  lietter  section  than  it  does  on  Barr 
Creek,     (Compare  fig,  1^^  ^ct\oB^  1  iM\d  2^  with  fig*  13,  Beetiotts 
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4,  5.  and  Ti.)  Its  position,  about  HO  feet  rtbove  the  top  of  the  Sharon 
eoiiglonierate,  which  is  prominent  along  Little  Sandy  River  in  this 
region,  .serves  to  identify  it.  At  Mr^.  Kebeeca  Trtekett's  this  bed 
^ihows  S  feet  of  clean,  bright,  lus^trous  coiil  witli  no  partings,  but  at 
the  bunk  of  AVilliam  Herbelan,  well  up  on  tlie  eiiFit  fork  of  Deer 
Creek,  thongh  the  coal  is  still  about  8  feet  thick,  it  contain>i  a  hand 
of  Ixmy  coal  near  its  top  (section  1,  fig.  18),  The  coal  opened  at 
the  month  of  Field  Branch  18  referred  to  this  horizon,  "^l  probably 
l»elongs  in  the  gi*<mp  lying  clc^se  to  the  top  of  the  Sharon  conglom- 
erate, as  is  indicated  by  the  section  oljtaineil  in  crassing  the  ridge  from 
Deer  Creek  to  Little  Fork.  This  iiection  again  illustrates  the  objec- 
ticms  raised  iu  this  l>uUt*tin  to  numbering  coals.  On  the  west  side 
of  this  ridge  at  least  ten  small  coal  ijeds  apjH>ar,  any  one  of  which 
tlu»oretically  may  be  thick  enough  to  be  commercially  valuable  at 
scant*  place.  On  the  east  side  of  the  ridge  seven  coal  beds  w^er© 
counted,  the  lowest  of  which  is  the  one  referred  to  above  as  outcrop- 
ping near  the  mouth  of  Field  Branch.  This  coal  has  been  opened 
by  Walter  Field,  Robert  Rucker,  and  otherti,  the  openings  being  at 
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Via.  IK — I4<?e0oiw  of  Barr«u  Creek  coal.  I,  Wlllluui  llertwlftO.  Ik^er  CrtM?kj  2,  Mr». 
Rrhri*cn  Tarkt'ti,  TMt^r  rrm^k ;  3,  Walti^r  FMd,  Field  BriiDch ;  4t  RcjbtTl  Ruekrr*  Field 
Ursncb;  G.  R.  T»  li<»rry.  Ulaltie :  0.  1.  \\\  SipnrkH.  I^nriili.     .^eiil^.  1   lach  ==  5  fei^t. 

the  base  of  tlie  hilB^,  Init  a  fevT  feet  above  t:he  Hood  plains.  At  Mr* ! 
Rucker*s  coal  Imidc  aliont  *2^  feet  of  excellent  coal  appears  l>etween  a 
shale  roof  and  fire-clay  floor  (action  4,  fig.  18),  At  Mr.  Field's  over 
3  feet  of  clean  coal  was  seen,  with  a  thin  body  of  shale  above,  cappt^d 
by  a  good  sandstone.  Mr.  Field  reports  that  Fome  of  tht?  coal  runs  as 
high  as  4  feet  4  inches,  but  that  SJ  feet  is  a  fair  average.  The  posi- 
tion of  this  coal  in  the  hills  is  such  as  to  suggest  the  possibility  of  a 
large  body  of  workable  coal,  the  more  so  as  it  is  l>elieved  that  this 
coal  may  l*e  the  stratigraphic  equivalent  of  that  opened  by  Mr*  Her- 
belan  and  Mrs,  Tackett  to  the  west  of  Deer  Creek,  which  is  known 
to  be  fairly  persistent  and  of  workable  thickness.  The  position  of 
this  coal  with  reference  to  the  railroad  is  favorable  to  its  easy  ami 
cheap  exploitation,  and  the  slight  westwanl  rise  of  the  beds  in  this 
vicinity  should  solve  in  large  measure  most  of  the  difficulties  en- 
countered in  the  drainage  of  the  mines. 

The  coal  opened  by  R.  T.  Berry,  southeast  of  Blaine  and  east  of 
Hood  Creeki  may  belong  at  this  horizon.    It  raeasui^?.  ^^  '\tm5cv^^"xe^ 


110  ECONOMIC   GEOLOGY  OF   KENOVA  QUADRANGLB. 

thickness  and  is  worked  for  local  use.  The  coals  along  Irish  Creek, 
near  its  mouth,  are  referred  to  the  lower  horizons  in  the  Pottsville. 
They  are  reported  workable  in  one  or  two  places,  but  the  writer  was 
not  able  to  verify  this  information.  These  lower  coals  are  here  and 
there  partly  cannel.  The  coal  measui*ed  by  G.  H.  Ashley  near  drain- 
age level  at  Sarah  is  considered  to  be  near  the  base  of  the  Pbttsville ; 
it  was  reported  28  inches  thick,  with  a  12-inch  bench  of  cannel  8 
inches  from  its  top. 

The  coal  mined  along  Brushy  Creek  is  one  of  the  most  important  of 
the  lower  beds.  It  has  been  referred  to  at  times  as  No.  1  or  the  Bar- 
rett Creek  coal,  but  its  position  with  reference  to  the  Sharon  con- 
glomerate outcropping  along  Brushy  Creek  in  the  vicinity  of  Cor- 
dell  leads  to  another  interpretation.  Below  Cordell  at  the  bank  of 
A.  J.  Soard  this  coal  is  180  feet  above  the  top  of  the  Sharon,  a  much 
greater  distance  than  appears  about  the  town  of  Blaine,  or  along 
Deer  or  Barrett  creeks.  It  is  strongly  probable,  therefore,  that  the 
coal  on  Brushy  Creek  is  higher  than  the  Barrett  Creek  bed.    It  may 
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Fi(i.  10.— Sections  of  coal  on  Hnishy  Creek.  1,  Two  miles  east  of  Blaine;  2,  Simpson 
Steele,  head  of  Hrnshy  Creek;  .'i,  Isaac  Adams;  4,  (iartield  Moore;  5,  near  mouth  of 
Big  Branch.     Scale.   1  inch  =  r»  feet. 

correspoiul  to  No.  -2  of  the  districts  to  the  north,  though  without 
paleolmtaiiic  evidence  such  long-distance  correlations  have  little  value. 
Some  of  the  coal  along  Brushy  Creek  contains  a  thin  streak  of  cannel. 
as  at  the  bank  of  Garfield  Moore.  It  shows  in  general  about  3  feet 
of  coal,  partly  soft  bituminous  and  partly  splint.  It  appears  to  l)o 
persistent  in  the  hills  along  Brushy  Creek  to  the  point  where  it  dis- 
appears below  drainage  level  about  three-quarters  of  a  mile  above  the 
mouth  of  Big  Branch.  It  is  an  excellent  coal  for  domestic  purposes 
and  furnishes  all  the  inhabitants  with  fuel.  The  sections  of  this  coal, 
measured  by  the  writer,  are  given  in  fig.  19. 

TECHNOLOGY   OF  THE  COAL  MINING. 

Most  of  the  mines  in  this  quadrangle  are  small,  none  employing 
more  than  7r)  men  and  very  few  averaging  as  high  as  50  men  daily 
ihroiighoiit  the  year.  The  equipment  is  in  most  places  comparatively 
simple.  All  the  shi|)ping  mines  are  ventilated  by  means  of  furnaces, 
and  drainage  is  usually  natural,  by  uieans  of  ditches.  In  a  few  of 
the  mines  siphons  are  used  for  the  drainage,  and  the  occasional  use 
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of  hand  pumps  is  reported.  None  of  the  mines  were  reported  to  be 
gaseous.  In  the  majority  the  coal  is  picked  with  the  ordinary  hand 
-picks,  but  machine  mining  is  practiced  at  the  Torchlight  mine,  Sulli- 
van compressed-air  drills  being  used. 

The  width  of  the  entries,  the  distances  at  which  rooms  are  turned, 
and  the  size  of  pillars  left  vary  considerably  in  the  different  mines. 
The  main  headings  are  run  usually  8  or  9  feet  wide,  and  the  cross 
headings  are  a  foot  or  two  narrower.  Rooms  are  turned  every  33 
feet  or  thereabouts  and  vary  in  width,  but  most  are  from  20  to  25  feet 
wide.  The  custom  seems  to  be  to  run  the  rooms  200  or  250  feet  long. 
The  pillars  left  are  from  8  to  13  feet  wide. 

All  the  coal  is  carried  from  the  mines  by  mules  in  cars  with  capaci- 
ties ranging  from  1,200  pounds  to  1  ton.  Most  of  the  mines  have  the 
larger-size  cars,  but  one  mine  reports  the  use  of  a  car  with  a  capacity 
of  1,300  pounds.  All  the  mines  are  drifts.  Most  have  the  ordinary 
cradle  tipple,  but  that  of  the  Torchlight  Coal  Company  is  more  elab- 
orate, employing  a  shaking  screen.  Most  of  the  coal  is  shipped  as 
run-of-mine,  but  it  is  sometimes  screened  to  suit  the  buyer.  When 
this  is  done  a  small  loss,  usually  not  more  than  5  per  cent,  is  entailed. 

Nearly  all  of  the  coal  mined  in  the  quadrangle  is  shipped  to  places 
along  the  local  railroad  lines.  Much  of  that  mined  at  Rush  and 
Winslow  goes  to  Ashland,  where  it  is  used  at  the  furnaces  or  for 
domestic  purposes.  That  mined  on  Lost  Creek  by  the  Eastern  Ken- 
tucky Railway  is  likewise  used  along  the  line  or  by  the  railroad  itself. 
The  cannel  mined  by  the  Kentucky  Cannel  Company  at  Boghead  and 
Hunnewell  is  shipped  abroad,  where  it  is  used  as  a  gas  enricher. 
Some  of  the  coal  mined  at  the  Torchlight  mine  is  shipped  to  the 
Pacific  coast  and  other  western  points. 

STATISTICS  OF  COAL." 

The  following  figures  give  an  idea  of  the  magnitude  of  the  coal 
industry  in  this  area  during  the  last  five  years.  The  figures  represent 
tons  of  2,000  pounds  each. 


Coal  production  in  Kcnora  quadrangU',  1902-1906. 


County. 


Boyd 

Carter 

Miscellaneous  ". 


1902. 


Boyd 

Carter 

MtecellaneouH.. 


ifloa. 


I  I 

I  Loaded  '. 
at  mlne.s.  i 


Sold  or 

uswl 
locally. 


ToTut.    .  Tons. 

241,127  i  870 

2r>8,056  I  13,34;') 

3,G8«  aSfi 


f)  12, 869 


245,491 
200,321 
22,713 


524,525 


14.801 


8,905 
1,550 


Total. 


Tons, 

241,997 

281,401 

4,272 


527,670 


245,491 
205,220 
24,263 


10,455  !    534.980 


Value. 


$198,479 

285,271 

5,335 


484.065 


220,686 
289.130 
26,819 


536.635 


Average 

price  iHjr 

ton. 


10.80 
1.01 
1.25 


.90 
1.09 
1.11 


■  BtatlBtlca  were  obtained  from  tho  records  of  the  United  States  Geological  Survey. 
>  MlBcellmieous,  in  each  year,  Ipchidt's  I^iwrence  County,  Ohio,  nnd  Lawn'nce  County,  Ky, 
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».io 

According  to  the  reports  of  the  State  inspector  of  mines  of  Ken- 
tucky, the  production  of  cannel  coal  and  of  coke  from  66  ovens  in  this 
area  for  the  years  1901  to  1904  was  as  follows: 

Production,  in  short  tons,  of  cannel  coal  and  of  coke,  1901-1904, 

Cannel  coal. 

19C1 11,203 

1902 11,  339 

1903 8,  341 

1904 - 2,  780 


Coke. 

1901 23,  320 

1902 23, 075 

1903 22,323 

1904 17.980 


CLAYS  AND  SHALES. 


INTRODUCTION. 


The  clays  of  the  Kenova  quadrangle  will  be  described  by  horizons* 
as  some  are  scattered  over  the  entire  area,  and  the  description  i)y  dis- 
tricts would  involve  needless  repetition.  All  the  clays  of  north- 
eastern Kentucky  have  been  deposited  by  the  agency  of  water  and 
are  hence  called  sedimentary  clays.  They  may  be  divided  with  re- 
gard to  both  their  age  and  their  adaptability  into  two  classes — (1) 
ciajs  which  were  deposited  in  Carboniferous  time  and  are  more  or 
less  closely  associated  witYv  co«i\  \)feAs^  ^xvdi  V,^^  ^wkcA  days,  that  is, 
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those  occurring  in  the  present  river  and  i^tream  valleys,  The  former 
are  by  far  the  more  important.  For  descriptive  purposes  the  clays 
may  be  regarded  as  either  plastic  or  nonplastic;  the  latter  variety  is 
also  known  as  flint  clay. 

On  pages  14-21  of  this  bulletin  will  \ie  found  a  somewhat  extended 
description  of  the  beds  in  which  these  clays  aro  found  and  the 
way  in  which  they  are  classtfieil  according  tn  iheir  relative  ages. 
The  reader  is  i^fexrcd  to  this  preliminarv  dcHcrijitJon  for  explana- 
tion of  many  of  the  terms  used  in  ihe  foUtJwirig  discussion.  On 
page  2J*  also  will  l*e  fuiuid  n  i*rief  descrijjtiun  of  the  t.'lays,  to  which 
the  general  reader  is  inferred.  The  following  notes  are  in i ended 
for  the  use  of  those  who  are  more  partieuhirly  interested  in  the  <'hiy 
resoiirces  of  this  region,  and  hence  the  description  will  be  given  with 
eonsiderahle  detail  and  will  be  accompanied  by  sections  and  analyses. 
The  columnar  section  on  the  economic  map  will  show  the  position  of 
the  more  important  vUy  horizons, 

TLAVS    IX    THE   CONKMAUOII    PtlRMATION. 

The  clays  highest  geologically  ar^  in  the  Conemangh  formation. 
Afl  a  rule  the  plafttic  clays  in  this  formation  are  the  under  clays  of 
coal  beds*  The  Conemaugh  coal  beds  are  irregular,  both  in  distribu- 
tion and  in  thickness^  and  the  same  is  true  of  the  a^nsociated  beds  of 
clay.  Clay  has  been  noted  at  a  few  horizons,  but  it  is  not  worked 
at  any  place  so  far  as  known. 

Tlie  shales  in  this  formation  are  abundant  and  widespread.  So 
far  as  known  these  have  not  l>een  utilized,  but  it  is  certain  that  they 
are  adapted  to  the  manufacture  of  some  types  of  building  bricL 
They  are  present  in  the  hills  about  Ohio  and  Big  Sandy  rivers  and 
are  conveniently  situated  with  respect  to  tran.sportation. 

CLATS   IN    THE    AT.LEGUEKY   FORMATION. 
CLAY    ASSOCIATED    WITH     VANPORT    LlMFSTOKE. 

The  clay  bed  associated  with  the  Van  port  ('^  Hanging  Rock  •^) 
limestone  easily  outranks  all  the  other  chiys  in  the  Allegheny  forma- 
tion in  distribution,  quality,  and  quantity*  This  clay  bed  occurs  near 
the  base  of  the  Allegheny;  it  usually  lies  from  10  to  40  feet  above 
the  top  of  the  Homewood  sandstone,  or  Pottsville  formation,  l>etween 
coalm  Nos,  5  and  0.  In  the  absence  of  coal  No.  5  it  may  lie  even  nearer 
the  Homewood  sandstone. 

Extent, — ^This  clay  l>ed  is  above  drainage  level  at  Coalgrove  and 
Forestdale,  Ohio,  hut  the  dip  tn  the  east  soon  carries  it  behjw  drain- 
age  leveh  It  has  been  opened  and  worked  in  the  hills  both  east  and 
west  of  Ashland  and  also  north  of  Catlettsbnrg.  Tlie  dip  toward  the 
center  of  the  basin  eans&s  its  disapj^ea ranee  near  the  month  of  Big 
Sandy  River,  and  it  does  not  reappear  north  of  tjciuv^^.  ^^^^?ix 
I^^uisa  It  occurs  in  rhe  hills  in  a  great  arc.  lo\V^V\w^\\\^  vmX'feX  ^^4^?=.^^ 
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the  basio  and  coming  back  to  Ohio  River  near  Ashland.  Its  horizon 
is  also  above  drainage  level  to  the  east  and  southeaist  of  Cassviik, 
W.  Va. 

This  economic  horizon,  the  beds  at  which  contain  clay,  iron  oi-e,  ami 
linieistone,  is  indicated  on  the  map  (PL  I)  by  ii  red  line.  It  will  be 
understood  that  the  clay  i.s  nut  necessarily  workable  al  all  points  on 
this  line.  The  flint  clay,  which  occurs  in  small  amount  associated 
witli  the  phistic  variety*  will  \w  found  u  great  htdp  in  the  field  in 
locating  these  dejK>sitN  for,  owing  to  its  indestructible  character,  small 
fragments  of  the  Hint  clay  nsually  remain  near  the  outcrops.  Its  po- 
sition near  the  top  of  the  massive  Homewood  sandstone  slionld  eeri^ 
MS  an  additional  hcliJ  in  locating  it.  ^y 

Development.—Tlm  following  lirms  work  this  clay:  Peter^bur^H 
Fii^  Brick  and  Tilu  Company,  Coalgrove,  Ohio;  Ashland  Fire  Brick 
Company,  W.  T.  Johnson,  and  Olvelly  Brick  Company,  Ashland* 
K3^;  Weaver  Pottery  Company,  Catlettsburg,  Ivy-;  Willard  Fire 
Clay  Company  and  Frailcy  ^  Rice,  AVilhtrd,  K\\  Besides  the  mines 
of  the  above  firms,  numerous  small  openings  which  had  lx*en  worked 
in  the  past  and  many  prospects  were  located  by  the  writer  during  this 
investigatioji. 

PhijHleal  character. — The  clay  at  the  horizon  of  the  Vanport  lim« 
stone  is  plastic,  except  for  the  small  band  of  flint  clay.    The  plasty 
clay  is  of  two  grades,  the  high  (No,  1).  and  the  low  (No.  i),     Th 
flint  clay  is  of  slight  economic  importaiice  owing  to  its  thinoe 
The  two  following  sections^  one  measured  by  G.  H.  Ashley  1  mil 
west  of  Ashland  and  the  other  by  the  writer  at  Willard,  give  an 
idea  of  the  associated  beds : 

BcGUon  of  claj/  hal   t  imk'  wtnt  nf  A^hUiml   {AMry\, 

Ft.       lu. 

Sandstone,  JfgUt  brtiwii .^, 20-h 

Coal - - i— ^_,,,. 2+ 

Sliaie,  Ugbt  Ativh ^^._.-^,^ 2 

Clay,  light  Lrowu___^ — ^ — .^^ — —. _ \\ 

GJay,  dark  drab .,. 1           6 

Clay*  drab,  with  stiittereil  in>iJ-ore  etmeretioim  t  Vaiiimrt 

llujestoae  b*»H?!mO  _^.   -                   -  li 

Sbflle,  llgbt  drab,  sartdy. .. *.-.    1          2 

SUale,  drab.  ruugiu^L;  iiji  to — * . — ^*^ ^^-  H 

Clajr,  dark  drab  to  black,  grading  Into  llgbt  di»b  at  mid- 
dle.-  — , . „.„__.. .-  I          o 

Clay,  drab,^ ^____._-_ _„_^ — S 

Flint  clay^ -^_. ._..-., -^^ — .- — —  1-1 

Clay,  drab^ ^ -^^ — -^— ^-  3          6 

Clay,  dark  drab,  almost  black. _^_^____^^^^_  a 

Clay,  driib_._^--^ .- ^ ^ *^^  B 

Four  feet  from  the  lw>ttom  of  the  lowei^t  hiypr  is  about  1  Umi  nf 
light-drab  flint  clay,  similar  to  tlu'  bc^^t  of  tlie  PeniisylvaiU!!  flini 
clavs. 
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Section  of  clay  hed  at  Willard,  Carter  County^  Ky. 

Ft.     In. 

Fire  clay 4 

Coal 4 

Flint  clay,  bluish  (reported) 4 

Clay,  dark,  plastic 4 

Clay,  light,  plastic,  harder  than  the  above 2 

Vanport  limestone: 

Iron  ore,  red  (2  to  4  feet) ^ 


Limestone  (4  to  6  feet).  ' 

Flint  clay,  thin  band,  formerly  8hipi)ed  to  Olive  Hill,  Ky., 
and  to  Strasburg,  Ohio. 

The  Willard  section  differs  from  that  at  Ashland  in  having  tint 
workable  clay  above  the  limestone,  and  not  both  above  and  below, 
as  in  the  section  measured  by  Ashley  and  also  in  a  section  measured 
by  the  writer  at  the  clay  bank  of  William  T.  Johnson  west  of  Ash- 
land. 

Section,  at  the  William  T,  Johnson  clay  tnine^  iccat  of  Ashland. 

Ft.     In. 

Clay,  dark 4 

Limestone  ore  (locally  replaced  by  4  feet  of  limestone), 

averaging __  6 

Bone,  not  always  present 2 

Clay,  light  drab 2 

The  clay  also  occurs  both  above  and  below^  the  limestone  in  the 
opening  of  the  Petersburg  Fire  Brick  and  Tile  Company  at  Coal- 
grove,  Ohio,  and  the  following  section  reported  to  the  writer  shows 
these  conditions : 

Reported  seetUm  of  clay  }nd  at  Coal  grove,  Ohio, 

Ft.       In. 

Clay,  plastic .    _         10-8 

Clay,  soft,  plastic  (No.  2) 5-6 

liimestone 4 

Clay  (No.  1) 1         M 

John  Peters,  president  of  the  company,  reports  that  the  beds 
occupy  these  relative  positions  for  several  miles  to  the  west.  In  the 
eastern  part  of  Ashland,  at  the  O'Kelly  Brick  Company's  opening, 
the  following  section  was  measured : 

Section  of  clay  h^  at  the  mine  of  the  O'Kelly  lirick  Company,  Ashland,  Ky. 

Ft.  In. 

Clay,  upiK?r,  dark __     4     t; 

Coal -  4 

Clay Si 

Coal 3 

Clay    S     (; 

The  siliceous  clay  given  in  the  section  (p.  117)  at  the  base  of  the 
Allegheny  formation  near  Louisa  and  Cassville  probably  belongs 
near  this  horizon.    In  the  section  measured  at  Cassville  more  than  (> 


116 


ECONOMIC   GEOLOGY  OF   KENOVA  QUADRANGLE. 


feet  of  clay  is  shown,  and  in  the  section  on  the  Chesapeake  and  Ohio 
Railway  about  1  mile  north  of  Louisa  about  8  feet  of  very  similar 
material  was  measured. 

In  some  places  clay  at  this  horizon  is  suitable  for  making  pottery. 
A  section  measured  by  P.  N.  Moore  at  Amanda  furnace,  about  4  miles 
northwest  of  Ashland,  shows  a  layer  of  pottery  clay.  This  section  is 
as  follows: 


Section  of  clay  bed  near  Atnanda  furnace. 


Soil. 


Ft.  in. 
4 


Clay  shale _ 6 

Coal _   4 

Clay  (No.  2) _. 3 

Clay,  pottery _  4 

Clay    (No.  1) 3 

Limestone  ore 8 

Top  of  Vaui)ort  ("Hanging  Koclv")   limestone. 

The  product  mined  near  Amanda  furnace  was  shipped  to  Cincin- 
nati. The  only  company  in  this  quadrangle  using  clay  from  this 
bed  in  the  manufacture  of  pottery  is  the  Weaver  Pottery  Company, 
located  near  Catlettsburg.  Of  the  6  feet  of  clay  measured  in  the 
company-s  bank  only  the  upper  3|  feet  is  worked,  the  lower  part  of 
the  bed  being  too  sandy  to  give  satisfaction.  The  presence  of  lime- 
stone pebbles  has  also  caused  the  company  some  annoyance.  AVhen 
subjected  to  the  baking  process  the  carbon  dioxide  in  the  limestone 
is  liberated,  causing  little  particles  of  the  vessel  to  flake  off,  and 
therel)v  either  ruining  the  vessel  or  making  it  of  second  grade. 

Clictnicdl  cliardcter. — The  character  and  color  of  the  clay  in  the 
diflereiit  benches  is,  as  a  rule,  fairly  uniform.  The  fracture  is  rather 
irregular,  and  the  clay  is  somewhat  hard,  but  becomes  soft  on  expo- 
sure and  afterward  makes  better  brick.  The  following  analyses 
indicate  the  chemical  character  of  this  clay: 

Analffscs  (tf  (hui  associated   iritlt   tlie   VaniKut    {"Hanging  Rock^*)    limestone. 


Silir-a  (SiOi;) .. 

Alumina  (AIl-O.-i) _ 

Ferric  oxide  (  FejO::) 

Maiigaiiose  oxide  (MnU) 

Lime  (OaU) 

Ma^'iiesia  (MrC))... 

Potash  vKl'O) 

Soda  (NauO) 

Water  (H-O) 

Loss  on  ignition -     - 

Sulphuric   anhydride.- 


2.).89  : 
1.75 
.26    ... 

4a.72    \ 
1.98    ;/ 

28.00 

i          1.85  L„ 

1.60 

1.30 

1           .65  1 

7.43  L-. 
.12  i... 

12.56  1 

14.30 

101.19  i      100.00 


loo.oo 


1.    Willard.    Cartor   Counly.    Ky.      .Analysis    made    at    iho    .mrncturftl    materials    t< 
lai)oratory.   Tnited  States  (;«'oloKi(al  Survey.  St.  l^ouls.  Mo.     ('.  H.   Stone,   analyst. 

L'.    ri)i>('r  stratum  of  clay  at   Vanport   lini<>stonc   horizon,   A.shland,  Ky.      Robert 
aualyst. 

:'..    Lower  stratum  of  clay  in  No.  2. 

Analyses  li  and  A  were  kindly  furnished  by  the  Ashland  Fire  Brick  Company. 
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ApplmiMom, — A^  observed  frum  the  secliuns,  mmi  of  the  clay  at 
this  horizon  is  of  No.  2  quality.  It  is  used  chiefly  ns  a  bond  in  the 
ma II II f act u re  of  fire  brick  tuul  to  a  lens  extent  for  lihist- furnace  cru- 
cibles, boslie^s,  coke-oven  brick,  etc.  For  the  first-nauuHl  [lurpose  it 
is  used  by  the  brick  ci^mpanies  at  Ashhmd  and  Coalgrove,  The 
product  mined  at  Wilhird  m  shii>ped  chiefly  to  Olive  Ililh  where  it  is 
mixed  with  flint  clay  to  make  a  iirst -grade  fire  brick.  The  AVillard 
fire  brick  is  esteemed  very  highly  by  the  clav  men  at  Olive  IlilL 
The  Ashland  Fire  Brick  Company  has  to  import  Hint  clay  to  make 
its  high-^rade  refractory  products.  To  make  first -class  refra(*tory 
brick  67  to  80  per  cent  of  flint  clay  is  uned,  depending  on  the  use  to 
which  the  product  is  to  hy  put,  the  renuiinder  l>eing  plastic  clay* 
For  second-grade  articlcH  these  proportions  arc  reversed.  It  has 
been  estimated  that  probably  500  to  TOO  jjounds  (according  to  the 
way  the  clay  is  used)  will  be  BufHcient  to  make  1,000  regulation 
J*-ineh  brick,  wlien  this  chiy  is  used  nloue  as  a  binder.  Its  use  in  the 
manufacture  of  pottery  has  been  referred  to. 

OTHEB   ALLEQHEKT    CLAYS, 

• 

Near  North  Kenova,  Ohio,  a  clay  was  worked  thirty  years  ago  and 
hauled  to  Burlington  and  South  Point,  where  it  was  used  in  making  i 
pottery.  The  old  clay  mines  are  now  entirely  fallen  shut.  The  clay' 
is  25  feet  above  No.  8  coal  and  directly  below  a  massive  sandstone, 
thus  occupying  a  position  near  Xo»  0  coal.  Thin  correlation  is 
strengthened  l>y  its  distance  of  aljout  85  feet  above  the  Sheridan 
coaL  This  is  the  only  known  occurrence  in  the  area  of  a  workable 
clay  at  this  horizon. 

At  Cassville,  W.  Va.,  a  flint  clay  has  been  prospected  at  a  horizon 
lower  than  the  above,  in  the  hills  north  of  the  depot,  by  Frank  Yates, 
of  Louisa,  It  is  found  at  an  elevation  of  aimut  HO  feet  (barnmelric) 
above  the  tracks  of  the  Norfolk  and  Western  Railway,  and  about  100 
feet  below  the  base  of  the  massive  Mahoning  sandstone  near  the  top 
of  the  hiJL 

Sevtirm  of  YatCff  vUty  t*ii.  VtiHariih;  U',  \  a, 

Clltf  nf  brown,  fliie-graincflT  argUlnreniia  sniul stone.  Veot. 

SbaJe,  ojlve  tli-nb  ^ .^^ ^^^_^^^^*. ,,„,^^_ ^-  Ti 

Clay*  clrnb,  witli  mtmeraus  nodules  of  Iron  or  lime,  2  to  4 

iijrlu*R  tn  UiajiietiT,  tincl  ilistribiUii^l  In  Uru's 4| 

Clay,  limb,  ^raTinlar  near  t-ropt  «nNH>tb  further  back____^ , If 

Clttj%  Uglit  dnitj,  mitt  plaMk-,  !4tuootb  at  back  nf  iiH.  breaktajc 

wltb  subflmtj-  fracture,  at  croi>  apiiareutly  typical  tiliit  clay.  2| 

CJaj%  dark  drab,  burU,  laiiidy-— ^^~— ^— ^— -- 1 

Clay.  drab..^__.__,._.^..,_,-_^_^„ .-„_^ ^._____ 3 

Clay,  bronTifsli  red^^^„^_^^-_^^_^^ .-.—. ^^_____ 5 

The  same  clay  was  also  observed  at  a  few  points  in  the  hills  along 
Mill  Creek  and  is  repru'ted  4  feet  thick  at  one  point*  Thin  flint  clay 
horizon  i^  certainly  worthy  of  very  careful  prospcctiug. 
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Other  clays  locally  workable  iindoiibtedly  exist  in  tht*  .\Jleg^lieii}^     , 
fomiHtion-    Many  .shak*  beds  also  appear  proniising  and  will  pro1]^| 


rtbly  be  used  in  the  future  for  paving  bricks,  sower  pijjes,  and  othi 
purposets  where  infedur  nuiterial  may  be  utilizeiL 


ClJkYB  IN    THE   POTTSVILLK   FO8MAT10N. 


SCIOTO VILIJS    CLAT> 


J 


In  the  Pott^iville  formation,  as  in  the  Allegheny,  one  elay  l>ed  stand- 
preeminently  above  the  rest   a.s  regards  <]*udity,  dii^trihutioii,  inn 
thicknes.s*     Tliis  is  the  8cioti»ville  fire  clay  of  the  Ohio  (teolugic 
Survey  reports,  less  commonly  known  as  the  Logan  day.    It  has 
extensively  mined  at  Sciotoville  and   Port.smouth,  Ohio.     It   o(*cur^ 
a  few  feet  above  the  Maxville  limestone,  but  this  limestone  and  the^ 
beds  immediately  above  it  are  very  sparsely  distributed  in  thk  qua 
rangle.    On  the  map  (PL  I)  the  I'ed  line  drawn  on  Evennan  Cw^] 
Carter  County,  just  at  the  western  edge,  and  the  red  line  on  Tygarl 
Creek  indicate  the  extent  of  this  horizon  alxjve  drainage  in  this  ares 
and  also  where  it  may  Ije  looked  for.     On  Everman  Creek,  a  short 
distance  above  the  reKidence  of  David  Childers,  4  to  6  feet  of  noi^ 
plastic  clay  shows  and  has  been  mitied.    A  short  distance  btJow  Mr, 
Childers*s  hous*^  the  limestone  outcrops  in  the  road,  apparently  di- 
rectly Ijclow  (he  massive  Sharon  sa  ml  stone.     The  clay  wass  not  oh* 
served  here.     It  Avas  reported  to  0.  H.  Ashley  as  being  5  feet  thick 
and  resting  directly  against  (he  limt*stone  on  North  Fork  nf  ObUowii 
Creek,  and  as  usually  being  present  without  the  limestone  in  the  hilt:^ 
east  of  Tygarts  Creek.    West  of  Tygarts  Creek  the  limestone  is  re- 
ported as  gimerally  prest^nt,  but  little  seems  to  be  known  {)f  the  clay.* 
This  horizon  may  be  looked  fur  along  the  western  out  crop  of  it] 
ct>al  measures,  occurring,  as  it  does,  at  the  l>ase  of  thin  series  of  rtx 
l\liere  present  it  wilt  usually  Ije  found  a  few  feet  above  the  Maxvtl 
limestone  or,  in  the  absence  of  this  Ix^d,  tK*cupying  a  similar  |KJsitHii 
above  the  sandstones  of  the  Waverly.     Though  its  outcrop  area 
the  Kenova  f|uadrangle  is  exti'emely  small,  a  few  miles  to  the  vv*^st  i 
horizon  is  above  drainage  level  in  nearly  the  entin*  valley  of  Tygari 
Creek.    At  Olive  Hiil,  in  Carter  County,  it  is  now  e:cteusively  wi irkerl 
by  the  Portsmouth  Harbison -Walker  CompaJiy  nnd  the  Olive  Hill 
Fire  Brick  Com[>any,  and  it  shows  the  following  section  at  one  of  t 
openings  of  the  former  firm : 

Uifi  hrtf  itt  OHve  Hill,  Cartrr  Vmintu. 


he 
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Ft.      In. 

**Pink  eye*' 3 

Shale,  blue 1    0-8 

Iron  ore 4-8 

Top  of  Maxville  limestone. 

This  order  of  superposition  is  usually  maintained  in  this  district. 
It  will  thus  be  seen  that  there  may  be  four  distinct  varieties  of  clay 
present  in  this  noted  bed.  Of  these  the  nonplastic  or  drab  flint  clay 
is  by  far  the  most  important  and  becomes  the  basis  of  refractory 
materials  of  the  highest  grade.  The  layer  known  as  "  semihard  '*  is 
on  a  par  with  the  clay  at  the  horizon  of  the  Vanport  {''  Hanging 
Rock '')  limestone,  already  described,  though  by  some  of  the  clay 
workers  the  Vanport  limestone  clay,  at  least  at  some  points,  is  con- 
sidered superior.  The  "  semihard  "  is  a  plastic  or  No.  2  clay  and  is 
mixed  with  the  flint  clay  in  various  proportions,  depending  on  the 
desired  quality  of  the  product.  No.  3  clay  is  also  plastic,  but  of 
inferior  quality  to  No.  2,  while  that  called  "  pink  eye  "  may  be  worked 
up  into  bricks,  but  the  product  is  off  color.  The  following  analyses 
indicate  the  very  high  grade  of  the  flint  clay  at  this  horizon,  the 
percentages  of  silica  and  alumina  approaching  the  theoretical  value? 
in  kaolinite : 

AnalysPH  of  Sciotoville  flint  clays  of  Kenovfl  quadrangle. 


SUteaCSfOa) - 

Alumina  (AUOs) 

Iron  oxide  (FeaOs) 

Lime(OaO) 

Magn«sla  (MgO) 

Phosphoric  acid  (PzOs)- 

Pota»h(K»0) -- 

8oda(NaiO) -- 

Wa«w(H*0) 


50.95 
39.49 


.28 


.30 
9.18 


100.20 


48.56 
37.471 
Trace. 

.112 
Trace. 

.225 


•13.030 


100.000 


46.76 
38.17 

Trace. 
.17 

Trace. 

I    Trace. 
14.08 


99.12 


«  Expelled  at  red  heat. 

1.  Seiotoville  fire  clay.  N.  W.  Lord,  analyst;  Ohio  Geological  Survey,  vol.  7.  1893, 
p.  58. 

2.  Ridge  between  Grassy  and  Three  I*rong  creeks,  Carter  County,  Ky.  Sample  col- 
lected by  P.  N.  Moore ;  Robert  Peter,  analyst ;  Report  on  eastern  coal  field :  Kentucky 
Geol.  Survev,  vol.  C,  p.  10. 

3.  Near  Olive  Hill,  Carter  County.  'Analysis  furnished  by  Ashland  Fire  Brick  Com- 
pany. 

OTHEB  POTT8VILLE  CLAY  BEDS. 

There  are  other  clay  beds  below  the  Homewood  sandstone,  but  they 
have  not  come  into  prominence.  One  of  these  is  the  clay  associated 
with  No.  4  coal,  which  lies  under  the  Homewood  sandstone.  This  coal 
and  its  underlying  clay  outcrop  in  the  eastern  part  of  Ashland,  and 
the  coal  has  been  worked  in  a  small  way  at  many  places  on  the  road 
approaching  the  cemetery.  In  the  summer  of  1905  the  O'Kelly  Brick 
Company  opened  the  coal  and  clay  and  began  to  utilize  the  clay  at 
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it&i  brick  plant  lu  the  eaiiiterii  part  of  the  city  with  ^tis^factory  results^ 
The  following  section  was  measured  at  the  opening: 

^rvtion  fjf  rutit  tttift  vlny  hviuw  thv  Homnrtmd  auntlfitone  bi  thv  t'ri!ftt*>*fi  part  nf 

Vim\ . .         1  6^1 

(lay  ______  _^._.._..^._._.„._._^_._.,^.._..._^__.._  Hf 

t^al  ._^-___- .-^^^ - ^ .^  s^i 

Clay ^, „„.„ . . ,. 2*-4 

The  same  bed  of  coal,  with  its  underlying  clay  and  clay  parting  J 
also  occurs  on  Catletts  Creek,  and  there  is  no  reason  w^hy  I  his  clnyl 
should  not  l)e  exploited  in  connection  with  the  coal  here,  unle^^  it  IjeJ 
its  relatively  great  distance  fmm  transportation. 

In  the  hills  about  the  head  uf  Johns  and  Field  branches,  Carter 
County,  a  few  prospect  holes  have  been  made  on  a  bed  of  clay  lying  s^ 
few  feet  below  th**  Honiewood  sandstone.  This  position  is  similar 
to  that  of  the  clay  urcurring  in  the  eastern  part  of  Ashland  and  on^d 
Catletts  Creek.  On  the  land  of  Judge  John  W.  Barber  4  feet  of^H 
sandy  clay  was  measured  at  a  prospect  which  had  not  penetrated 
the  l>ed  far  enough  to  reveal  its  real  character  and  tiiickness.  Thisj 
bed  should  be  further  prospected  in  these  hills, 

RECENT   CLAY8, 

The  recent  clays  are  found  in  the  flood  plains  of  the  rivers  and  small 
streams  and  are  very  common,  many  small  streams  having  flood-plainl 
deposits  which  extend  well  up  to  their  heads.     These  flood-plain  chiyaj 
are  very  erratic  in  their  distribution  in  the  valleys  of  the  larger! 
streams,  and  there  is  no  means  of  pointing  out  where  they  are  mo^l 
likely  to  occur.    They  range  in  thickness  from  1  f*K>t  to  o\er  4  feet. 
Often  in  working  a  clay  ImkI  a  sandy  clay  is  encountered,  which  makes 
*'  dead  "  brick.    These  streaks  of  sand  are  also  utilized  by  the  brick 
manufacturers,  but  for  certain  purposes  this  sand  has  l>een   finuiclj 
nnsuitable  owing  to  the  intermixture  of  particles  of  coal*     The  depos-l 
its  worked  at  present  are  confined  to  the  valley  of  Ohio  River  in  IheJ 
vicinity  of  Ashland,  where  there  is  a  local  market,  cheap  coal,  and] 
transpoitation  facilities.     The  flood-plain  clay   is  used  chiefly   f<>r| 
ordinary  red  building  brick,  though  it  is  adapted  to  the  making  of 
tile,  shingles,  firepn>ofing,  etc.     It  is  made  into  brick  at  the  Means-I 
Kussell  plant,  west  of  Ashland,  and  by  the  J.  J.  Gates  Company  and! 
the  0*Kelly  Brick  Company  in  the  eastern  part  of  the  city.     The 
smaller  flood  plains  contain  clays  which  perhaps  will  not  compaiT  ir 
quality  with  thtvse.  of   the    larger  river  valleys,  but  which  may  h 
worked  up  into  material  suitable  for  local  countrj^  use.     F-  R.  Buasej 
has  ntilized  such  material  fn>m  the  flood  plain  of  Harriet  Branch  of 
Little  Blaine  Creek.    The  deposit  is  here  only  4  feet  thick,  but  it  illns- 
trates  the  posiiibilities  existing  on  all  the  snudler  creeks.    Flood-plain 
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deposits  along  Big  Sandy  and  Little  Sandy  have  not  even  been  pros-       ^M 
pect^d.     Undoubtedly  valnable  deposits  of  clay  exist  along  botli  these       ^M 
streams,  and  they  may  be  utilized  later  for  common  and  pressed  brick^       ^M 
tile,  paving  brick,  sewer  pii>e,  etc.     Experiments  having  hi  view  the       ^M 
ndaptability  of  these  flood-plain  clays  to  the  varions  purposes  enum-      ^M 
erated  id)ove  should  certainly  l>e  carried  out.                                            ^^^M 

TECIINOIXXiY  ANP   STATJSTICH.                                                    ^^^^ 

All  the  clay  mines  in  this  area  are  drift  mineSj  in  which  the  work^      ^M 
m^  are  very  irre^ulnn    The  mines  are  drainefl  either  natunilly  or  by       ^M 
siplion  and  pump,  and  ventilation  is  either  natural  ur  by  furnace.    In       ^M 
mining  the  clay  the  npper  part  of  the  l>ed  is  nsnally  shot  out  by      ^M 
powder  or  dynamite  and  the  lower  part  pried  up.    The  clay  is  hauled       ^M 
from  the  mine  in  ordinary  mine  cars  drawn  by  ninles.    The  foUowing      ^M 
table  wnll  give  an  idea  of  the  magnitude  of  the  clay  industry  in  this      ^H 
region  during  tbe  last  five  year^:                                                              ^^^| 

StaliMfirM  uf  vht^  stf-mUivtH  in  the  Kenovti  fiutulmf\ffh\   fm^-fmtL               ^^^| 

Yeftf. 

Quiifjtity  of 

brick,  hi^ 
dutliag  flre. 
vrirmed,  and 

build  In  ff 
briek. 

ipqa                                                                                                                                                                                                                                                                             ,                     .             ,^,..            -.:..,._..„._                      . 

10,587 

11,671 
12.SSfl 

fisfl,eaa      ^1 

170,221         ^M 

lJilCJ5. -.    -,       ^—              ^,,  ,-..,    -_.-.    — *^-,     ,,,_.„ 

«£,liS« 

-■- 1 

•  TbvKtf  JlKiirP*  lot-lwde  Tslues  of  p<^ttery  alan.     The  tl^rvs  wprr  ob turned  from  the  fl1e«         ^H 
of  thr   r'iiH*»fl  matcR  fieolofffcal  8nrvey.                                                                                                         ^H 

The  seeming  diKcrepancie.^  in  the  above  figures  are  due  to  variations      ^M 
in  the  amounts  of  fire  brick  nud  ordinary  red  l>uil(ling  brick  pro-      ^M 
duced.    For  instance,  the  figures  indicate  a  very  Tuuisnal  j^roductiou       ^M 
of  the  more  vuhiable  tire  brick  in  li}QZ.  followed  by  n  falling  off  in       ^M 
this  f^ciinniodity  and  an  iucreast^  in  ttic  production  of  the  less  valnalde       ^M 
ordinary  rcil  buihling  brick  in  IDtU,                                                                 H 

It  has  been  found  inexpedient  to  separate  the  statistics  of  the  fire       H 
brick  and  other  varieties,  owing  to  the  small  number  of  unmufnc^turers       ^M 
of  fire  Innck  chiring  some  of  tiic  years.     For  the  same  reason  it  has       ^H 
been  thought  inadvisHble  to  tabu  hi  te  the  statistics  of  tbe  prodnc-       ^M 
tion  of  raw  clay.    The  United  States  Getilogical  Survey  Inis  figures      ^M 
for  this  product  for  only  1905  and  1900,  and  the  industry  is  yet  in  its      H 
infancy.    It  is  prol>alde  that  it  may  never  grow  to  great  proportions,      ^M 
lis  nmst  of  the  clay  will  continue  to  be  worked  up  near  the  mines       ^M 
to  satisify  home  contjumptiou.    During  1005  and  1S)0G,  20408  tuns  of      H 
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clay,  of  2,000  pounds  each,  valued  at  $11,855,  were  shipped  from  the 
clay  mines.  All  this  has  come  from  the  clay  at  the  horizon  of  the 
Vanport  ('' IIano:ing  Ilock  ")  limestone. 

MAKKKT. 

The  market  for  the  clay  products  of  this  area  is  rather  local.  Most 
of  the  red  building  brick  is  used  at  home  or  shipped  to  the  neigh- 
boring towns  in  West  Virginia  and  eastern  Kentucky.  The  fire  brick 
is  either  us(h1  locally  at  the  furnaces  in  Ashland  or  shipped  up  or 
down  Ohio  River,  along  which  there  is  considerable  demand  for  such 
material. 

LIMESTONES  AND  IRON  ORES. 
TNTKOnrCTlON. 

The  iron  ores  of  the  Hanging  Rock  region  of  Kentucky  were  of 
great  importance  in  the  s(?venties  and  eighties,  but  owing  to  the  intro- 
duction of  cheaper  ores  from  Alabama  and  the  Lake  Superior  coun- 
try, and  to  the  gradual  disappearance  of  the  forests  on  which  the 
charcoal  furnaces  depended,  the  iron  industry  of  this  region  has 
declined,  and  at  present  no  furnaces  depending  on  the  local  ore 
supply  are  in  operation.  (See  PI.  V.)  The  ore  diggings  are  now 
fallen  in,  and  in  many  places  have  entirely  disappeared,  so  that  it  is 
not  (»asy  to  trace  tlioni.  The  following  descriptions  are  therefore 
necessarily  brief,  especially  those  relating  to  the  block  and  kidney 
ores,  which  at  ])resent  are  not  worked  at  all.  For  fuller  descriptions 
of  the  iron  ores  as  a  Avhole  the  reader  is  referred  to  P.  X.  Moore's 
report  in  vol.  C  of  the  Kentucky  (leological  Survey,  from  which 
the  writer  has  freely  ih'awn. 

AVhere  the  iron  on^s  are  better  known  than  their  associated  lime- 
stone beds  the  descri])tion  of  the  limestones  is  made  subsidiary. 

IHON    OKES. 
(iKNKRAL   OITMNF. 

The  iron  ores  of  this  region  are  chiefly  earthy  carbonates,  spathic 
ores,  or  si(lei'it(\'^,  but  on  the  outcrop  and  at  variable  distances  in, 
depending  laigely  on  the  porous  or  nonporous  character  of  the  roof, 
the  ores  have  been  altei'ed  to  the  hydrous  ferric  oxide,  limonite.  The 
ores  may  be  classiiied  as  follows:  (1)  Limestone  ores,  (2)  block  ores, 
(3)  kidney  oi-es.  (4)  black  band  ores. 

Limestone  ores  are  those  which  occur  upon  or  very  near  the  top 
of  a  limesttme  stratiun.  In  many  localities  they  occupy  a  broader  field 
than  the  limestone,  but  the  term  is  still  applied  if  the  ore  (KX-urs 
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near  the  stratigraphic  position  of  the 
limestone.  In  eastern  Kentucky  these 
ores  occur  at  two  horizons — ^the  lower 
associated  with  the  Maxville  and  the 
higher  with  the  Vanport  limestone. 
Owing  to  their  purity,  uniformity,  rich- 
ness in  iron,  and  ease  in  working  they 
have  been  among  the  most  highly  valued 
of  all  the  iron  ores  in  this  region. 

Block  ore  and  kidney  ore  are  so  called 
from  their  physical  appearance.  The 
former  cleaves  into  more  or  less  square 
or  rectangular  prisms  when  raised  from 
its  bed ;  the  latter  derives  its  name  from 
its  peculiar  kidney  shapes.  Both  varie- 
ties occur  as  unaltered  carbonates  or 
siderites,  except  where  oxidized  to 
limonites  on  or  near  the  outcrop.  The 
term  "  black  band  "  is  applied  to  beds  of 
carbonate  of  iron  with  more  or  less  bitu- 
minous and  earthy  matter  associated. 

Geologically  these  ores  occur  through- 
out the  Carboniferous  rocks  in  the  Ken- 
ova  quadrangle,  but  the  most  important 
are  found  in  the  two  lower  formations, 
the  Allegheny  and  the  Pottsville.  These 
iron  ores  are  all  bedded  deposits  in  the 
sense  that  they  occur  at  fairly  well- 
defined  geologic  levels,  which  are  per- 
sistent over  broad  areas.  The  skeleton 
section  (fig.  20)  shows  their  relative 
position. 

UHC8T0!fE    ORES. 

VANPORT  LIMESTONE  ORE. 

Geologic  position. — The  higher  of  the 
important  limestone  ores  is  that  associ- 
ated with  the  Vanport  ("  Hanging 
Rock^)  limestone  and  hence  known  as 
the  Vanport  limestone  ore.  It  is  often 
known  also  as  the  red  limestone  ore  and 
in  the  Kentucky  Geological  Survey  re- 
ports as  the  "  Ferriferous "  limestone 
<Mre.    It  occurs  from  10  to  40  feet  above 
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Kidney  ore 

Xidneyore 
Red  kidney  ore 


YeDow  kidney  ore^ 
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F'iG.  20. — Skeleton  section  show- 
ing relative  position  of  lime- 
stone and  iron  ores. 
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the  top  of  the  Pottsville,  between  coals  Nos.  5  and  6,  the  latter  being 

known  about  Ashland  as  the  **  limestone  coal "'  on  account  of  this  fad 
K^vtent. — The  Vanport  ore  horizon  Ls  found  in  lK>th  Ohio  and  Ken 
tucky.    In  Ohio  its  outcrop  area  is  small  in  this  quadrangle,  but  it 
very  extensive  to  the  north  and  west*    ^Vs  it  Heis  so  near  the  top  of  the 
Pottsville.  structure  contours  drawn  on  the  latter  hypothetical  plane 
sipply  ecjnally  well  for  this  ore  horizon  and  for  its  associated  liine- 
?^tane  and  plastic  clay.    Moreover,  the  red  line  drawn  on  PI.  I  to  rep^M 
rei«iit  the  outcrop  of  the  clay  repre^nts  equally  %Yell  the  iron  ni-c  antl^ 
limestone.     Immediately  south   of  Ohio  River  its  western  limit  ij* 
beyond  the  border  of  this  quadrangle  and  is  reported  by  Moore  al^| 
l>eing  about  a  mile  below^  Amanda  furnace,  a  few  miles  northwest  o^h 
Ashland,     The   nxain   western   outcrop   in   the   Kenova   quadrangle 
appears  at  it.s  northern  edge  in  the  hills  between  Little  Sandy  Kirei" 
and  East  Fork  and  continues  S4>uthwestward  to  the  point  where  thfl 
boundaries  of  Elliott,  Law^rence,  and  Carter  counties  come  together.! 
From  this  point  the  general  trend  of  the  outcrop  is  southeastward 
beyond  Big  Sandy  River.     In  Boyd,  Greennp,  and  Carter  counties^ 
much  of  the  ore  at  this  horizon  has  lieen  removed  along  the  outcrop,W 
but  good  ore  was  seen  in  Lrawrence  County  near  the  town  of  Blaine 
and  in  the  hills  between  Adams  and  Prosjierity* 

Pharui'ter. — Though  the  red  line   indicating  the  position  of  the 
Vanport  limestone  and  its  associated  clay  and  iron  ore  has  beed 
draw^n  continuously  on  the  economic  map,  this  by  no  means  indicate 
that  the  ore  and  limestone  will  be  found  continuously.    On  the  con*! 
trary,  it  is  known  that  the  limestone  and  the  accompatiying  ore  «r 
in  many  places  not  present,  and  where  present  are  locally  variable 
in  thickness.    The  ore  rests  on  the  top   of  the    limestone-,    and    the 
bounding  surface  between  ore  and  limestone,  according  to  MooreJ 
is  very  irregular,  being  full  of  little  ridges  and  tlepressinns.     The' 
limestone  ranges  up  to  8  feet  in  thickness,  but  may  l>e  absent  where, 
the  ore  is  present.    The  ore  itself  ranges  from  a  few  inches  to  a  few 
feet  in  thickness,  but  may  l>e  pockety  rind  the  jKJckets  may  l>e  several] 
feet  thick.    The  section  of  fire  chiy  at  Willard,  Carter  Connty,  and 
at  William  T.  Johnson  s  clay  mine.  west,  of  Ashland,  and  Moore'si 
section  at  Amaiula  furnace  illustrate  the  thickness  and  associations 
of  the  ore  and  limestone. 

The  limonite  ore  occurring  at  the  outcrop  is  usually  brov^^Ti  or  red, 
more  commonly  the  latter,  and  in  general  dense  and  cloee  gi^ained. 
The  red  ore  is  the  more  valuable.     The  carbonate  av  unaltered  ore^J 
is  dense,  close  grained,  and  bluish  or  grayish  in  color,  and  tlierefore^^ 
is  know*n  as  the  blue  limestone  or  the  gray  limestone  ore*     Most  of  ^ 
the  furnaces  used  the  limonite  ore,  as  the  furnace  men  w^ere  unable 
to  produce  a  coarse-grained  foundry  iron  from  the  carbonates.    The 
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following  analyses  illustrate  the  character  of  both  the  limonitB^nd 
the  sideritic  phases  of  the  limestone  ore : 

Analyses  of  limestone  ores  of  Kenova  quadranglv. 


Ferric  oxide  (FeaOa) 57.551 

Iron  carbonate  (PeOOa) 

Alumina  (AhOs) —I     6.017 

Manganese  oxide  (MnO) |     •  .130 

Manganese  carbonate  (MnCOs) 

Galdam  carbonate  (CaCOa) — 

Magnesium  carbonate  (MgCOs)— . 

Phosphoric  anhydride  (P2O5)- 

Sulphuric  anhydride  (SOa) 

Silica   (SIOs)    and  insoluble  sili- 
cates  - - 

Combined  water  (E2O) 


MetaUic  Iron  (Pe). 


.150 
.758 
.057 
.105 

25.450 
10.300 


51.802 
10.504 
4.523 


n.680 


100.518 
40.285 


Trace. 

7.480 

.440 

.570 

.069 


4.155 
.090 


.060 
.064 
.270 


15.780       12.650 
8.772  ,    10.800 


100.000 
41.357 


100.1.59 
60.176 


60.206 


1.044 
Trace. 


.285 
.381 
.161 
.852 


None. 

62.002 

2.900 

Not  est. 

.553 

6.880 

2.243 

.149 


25.930 
<'11.141  L. 


22.660 


100.000  I 
42.144  j 


97.689 
29.932 


65.395 

None. 

3.484 

Not  est. 


8.580 

»1,988 

.441 

.836 

10.480 
9.346 


100.000 
45.776 


31.544 
30.706 
1.779 


.060 
2.730 
.141 
.421 
.491 

25.430 
6.523 


100.000 
86.627 


*  Brown  oxide  of  manganeso. 


^  Magnesia. 


''And  loss. 


1.  So-called  slate  ore,  occupying  the  place  of  the  limestone  ore,  from  ridge  between 
Cane  Creek  and  Wilson  Creek.  Hunnewell  furnace.  Kentucky  Geol.  Survey,  vol.  A,  pt.  1, 
p.  114.     Robert  Peter  and  .1.  H.  Talbutt,  analysts. 

2.  Limestone  ore  from  Hoods  Creek  near  Bellefont  furnace.     Idem,  p.  20. 

3.  Limestone  ore  from  the  Graham  bank,  near  Willard,  Carter  County.  Average 
sample  from  the  stock  pile.     Idem,  p.  55. 

4.  Limestone  ore  from  Brush  Creek,  Pennsylvania  furnace.     Idem,  p.  114. 

5.  Gray  limestone  ore,  from  J.  P.  Jones's  drift  near  Ashland.  Selected  from  the  in- 
terior of  the  bank.     Idem.  p.  37. 

6.  Same  as  No.  5,  but  from  exterior  portion  of  the  bank.  Analyses  5  and  6  show  well 
the  changes  which  occur  when  the  original  ore  is  exposed  to  the  atmosphere  and  surface 
waters. 

7.  Gray  limestone  ore  from  Mount  Savage  furnace.  Carter  County.     Idem,  p.  51. 
Analyses  1  to  4  and  6  represent  limonites ;  5  and  7  carbonates. 

The  analyses  given  above  will  also  be  found  in  P.  N.  Moore's  report 
on  the  iron  ores  of  Boyd,  Greenup,  and  Carter  counties."  The  sam- 
ples were  collected  by  Mr.  Moore. 

The  following  table  shows  more  concisely  the  amounts  of  metallic 
iron,  sulphur,  and  phosphorus  in  both  varieties  of  ore  at  the  prin- 
cipal limestone  ore  horizons : 

Average  iron,  sulphur,  and  phosphorus  content  in  limestone  ores. 


Name  of  ore. 


Constituent. 


Vanport  ("  Hanging  Rock  ")    l?;??^^"^''''"- 

"'"^^^^^^^-^ IphXhorusi: 

(Metallic  iron- 

{Sulphur 

[Phosphorus.. 


Maxville  limestone  ore. 


Limonites. 

Siderites. 

Analyses 

Analyses 

Per  cent. 

aver- 

Per  cent. 

aver- 

aged. 

aged. 

43.49    !               4 

.%.61 

2 

.132  1               4 

.16 

2 

.090  ,               4 

.174 

2 

47.79                    7 

35.05 

4 

.089                  2 

.81 

3 

.147 

7 

.20 

4 

The  amounts  of  ferric  oxide  and  iron  carbonate  in  the  analyses  at 
the  top  of  this  page  show  the  fundamental  difference  between  the  oxi- 
dized and  unoxidized   ores.     The  amount  of  metallic  iron   in   the 
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limonites  ranges  in  general  from  40  to  ^0  per  cent,  rareh*  goii 
above  or  below  these  limits.    In  the  unaltered  ores  the  metallic 
tent  is  much  lower,  ranging  from  25  to  40  per  cent.    The  renminin| 
constituents  are  variable^  but  silica  and  insoluble  silicates  are  bigb 
Sulphur  is  low,  except  in  analysis  No,  4;  phosphorus  is  in  genera 
high*     The  last  table  ali^*  indicates  these  facta 

Ofologir  pomtion. — The  lower  t>f  the  important    limestone   or 
rests  flii^ctk  upon  the  Maxville  limestone^  as  shown  by  the  sectio^ 
obtained  at  Olive  Hill  Carter  County  (pp,  118-119). 

Extent.— Thi^  limestone  itself  is  above  drainage  level  in  the  val-' 
leys  of  Everman  Creek,  North  Fork  of  Oldtnwn  Creek,  and  Tygart^^ 
Creek,  in  the  northwest  comer  of  the  quadrangle*  It  is  of  ^'erjfl 
scant  extent  in  this  area,  but  to  the  west  ancl  nothwest  its  outcrop^' 
is  generally  above  drainage  leveL  The  red  line  on  the  map  (PI  I), 
representing  the  fire  clay  lying  above  the  limestone,  may  be  taken 
also  to  represent  the  top  of  the  Maxville  limeBtone  and  its  OTerlyinj 
oi-e,  where  the  latter  is  present. 

C haracter. —Wh^re  exposed  on  Everman  Creek  the  limestone 
fmm  20  to  55  feet  thick.     West  of  the  area  it  is  much  thirker^  locally" 
reaching  100  feet  and  more,  hut  in  some  places  it  is  entirely  wanting^ 
Many  of  the  deeper  wells  drilled  for  oil  and  gas  have  penetrated  thi 
limestone  and  proved  it  to  l>e  veiy  thick  and  generally  persistent  oved 
all  this  area.     Sections  of  these  deep  wells  are  given  on  PL  VT.     Thd 
limestone  is  the  usual  briglit-graj^  variety,  and  has  been  bnmed  and 
used  for  fertilizer,  for  which  purpose  thei-e  seems  to  lu^  an  ample" 
supply.     It  is  not  improl)able  that  it  may  also  prove  suitable  for  tl 
manufacture  of  Portland  cement. 

The  iron  ore  overlying  this  limestone  is  erratic  in  occurrence  and 
thickness,  and  in  these  I'esjiects  is  like  the  oi^    associated  with  tht^y 
Vanport  (*'  Hanging  Rock  '')  limestone.     In  quality  it  is  coniparabl^H 
with  that  ore,  and  its  content  of  metallic  inm  in  its  altered  and  unul-^ 
tcred  phases  is  similar  to  that  of  the  higher  ore.     It  is  apt  to  be  more 
siliceous  than  the  A^anport  ore  and  in  many  places  contains  too  nmt'h 
sulphnn     On  the  whole  it  has  proved  to  be  one  of  the  most  valuable 
ores  in  this  part  of  Kentucky. 
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An  extended  description  of  the  origin  of  the    limestone  ores  is 
hardly  appropriate  in  this  bulletin.     For  those  interested  in  the  the(^-_ 
i^tical  side  of  the  subject  Moore-s  description  '^  will  lie  found  mo 
interesting  and  suggestive.     As  a  result  of  studies  ma<le  by  the  writer" 


ie(^-J 
iter™ 


IRON   ORES.  127 

in  the  course  of  mapping  this  region  in  the  summer  of  1905,  certain 
conchisions  were  reached  which  are  summarized  in  an  article  in 
Economic  Geology."* 

BLOCK   0RE8. 

Geologic  position, — Most  of  the  block  ores  are  found  in  the  Potts- 
ville  formation  and  in  the  lower  part  of  the  Allegheny  formation. 
They  have  been  separated  by  Moore  into  two  groups  with  reference 
to  their  stratigraphic  position — the  upper  block  ores  and  the  lower 
block  ores.  The  former  occupy  the  interval  from  90  feet  below  the 
Vanport  limestone  to  about  50  feet  above  it,  and  the  lower  block  ores 
are  confined  to  the  lower  125  feet  of  the  Pottsville.  The  skeleton 
section  (fig.  20,  p.  123)  shows  their  relative  positions. 

Extent, — The  area  in  which  the  block  ores  occur  is  along  the  west- 
ern and  southern  edges  of  the  quadrangle,  chiefly  ^vest  and  south  of 
the  line  of  outcrop  of  the  Vanport  limestone.  The  lower  block  ores 
are  mostly  confined  to  the  territory  west  of  Little  Sandy  River,  but 
the  area  occupied  by  them  in  this  section  of  the  quadrangle  is  a  small 
part  of  their  extent  in  this  portion  of  the  State.  The  upper  block 
ores  are  more  widely  distributed  in  this  particular  area,  their  bound- 
ary extending  to  the  east  beyond  that  of  the  lower  block  ores  and 
the  Vanport  limestone. 

Character, — Like  the  limestone  ores,  the  block  ores  occur  both  in 
the  oxidized  condition  and  as  unaltered  carbonates.  They  are  char- 
acterized by  being  more  persistent  than  the  limestone  ores  and  by 
more  uniform  thickness  in  individual  beds,  but  they  vary  greatly  in 
thickness  and  quality  among  themselves.  Their  most  common  im- 
l^urity  is  sand.  They  are  leaner  ores,  as  a  rule,  than  the  limestone 
ores,  and  the  lower  block  ores  are  inferior  to  the  higher  block  oi'es. 
Their  richness  in  iron  apparently  bears  an  inverse  relation  to  their 
thickness,  for  it  has  been  commonly  observed  that  the  leanest  ores 
are  the  thickest,  and  vice  versa.  The  following  table  shows  their 
content  in  metallic  iron,  sulphur,  and  phosphorus: 

Average  iron,  sulphur,  and  phosp/iorutt  content  in  block  ores. 


(Constituent. 

LImonltes. 

Sider 
Per  cent. 

34.42 
,444 
.229 

29.74 
.088 
.159 

tea. 

KIml  of  ore. 

'  Analyses 
Percent.      aver- 
aged. 

43.8."»                  12 

Analyses 
aver- 
aged. 

Metallic  iron 

Upper  block  ores -. 

Sulphur 

Phosphorus. 

Metallic  iron 

.204                10 

.161                10 

..        33.48                  10 

Lower  block  ores 

Sulphur 

Phosphorus.- 

.137                  9 
.238                 n 

•  Phalen,  W.  C,  Origin  and  occurrence  of  certain  iron  ores  of  northeastern  Kentucky: 
Economic  Geology,  vol.  1,  No.  7,  1906,  pp.  660-669. 
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Geologic  position, — Most  of  the  kidney  ores  which  hare  proved 

value  hiivo  been  found  in  the  lower  part  of  the  Allegheny  formJitioil 
The  n^ire  important  range  from  about  ¥}  or  00  feet  to  100  feet  abot 
the  Vanport  limestone.     In  this  intennil  lhei"e  are  from  tliree  to  sij 
l>eds  t*f  kidney  ore  of  local  importance.    The  lo%ver  of  the  more  impor-" 
tant  ores  has  been  called  the  yellow  kidney  ore*    It  lies  about  midway 
between  the  Winslow  coal  and  the  Coalton  coaL    Since  most  of  tVic 
Dxidized  kidney  ore  has  a  yellow  colon  due  to  limonite,  this  name 
i^  not  distinctive,  but  it  has  been  eoMimonly  applied  to  the  oi'e  n^^ 
thii^  particular  horizon.     About  50  feel  above  the  yellow  kidney  oi^^ 
and  *25  to  SO  feet  above  the  Coalton  coal  is  another  horizon  of  fairh^ 
persistent  kidtiey  oiv  called  the  i-ed  kidney  ore^  from  the  prevailing 
coloi"  of  the  weathered  material.    Other  kidney  oi-es  occur  in  the  AUe- 
^Iieiiy  formation  nL>ove  the  red  kidney^  but  they  are  not  so  important 
as  the  two  just  ujentioned*  -     ^^ 

/iV/rfi^, — The  we.stern  and  southern  boundaries  of  the  kidney  or€^^ 
coincide  rouf^hly  with  the  line  representing  the  outcrop  of  the  Van- 
port  limestone  and  clay.  Beyond  this  Imundary,  to  the  south  and 
west,  these  ores  are  of  mimir  importance.  Within  tlie  arc  formed 
by  the  outcropping  Vanport  limestone  and  clay  these  ore^s  will  l>e 
found  in  a  ztme  of  a  mile  or  more  in  width.  They  occur  in  the  hill- 
along  Ohio  River  and  generally  over  the  northern  part  of  Boyd 
Cotuity,  where  they  have  been  extensively  l>euched.  They  are  fouu^ 
in  Carter  County  near  IVillard  and  also  in  the  region  between  Littl 
Handy  River  and  East  Fork.  In  Lawrence  County,  as  a  rule,  the^ 
have  been  very  little  explored. 

Character. — The  name  of  these  o:*es  is  very  suggestive  of  their 
physical  appearance.     Though  occurring  at  perfectly  distinct  geo- 
logic levels,  they  do  not  form  continuous  IxhIs  oi'  layers  of  ore,  but 
are  scattered  through  zones  from  3  to  (i  feet  thick*    Like  the  lime- 
stone imd  block  ores  they  are  found  in  all  stages  of  transition  from      , 
the  pure  carbonate  ore,  unaltered  by  atmospheric  influences,  to  pra<^H 
tically  pure  limonite  on  the  outcrop.    Their  origin  seems  to  Ije  fairl;^^ 
obvious.    It  is  quite  probable  that  they  have  originated  in  much  the 
same  way  as  limestone  and  other  concretions^that  is,  by  the  p-adual 
accretion  of  ferrous  carbonate   from  the  surrounding  beds.     Thi> 
segregation  has  jjrobably  l>een  chiefly  lateral^  for  otherwise  the  defi-^ 
niteness  of  geologic  level,  which  is  so  common,  would  hardly  persisi 
and  the  kidneys  would  be  scattered  throughout  the  shale  and  san 
stones.     The   fact  that  the  nodules  coalesce   into  peculiar  sha 
strongly  suggests  such  origin.     Furthermore,  the  beds  w^hen<H?  tlie 
nodules  must  have  derived  their  ferruginous  matter  must  hav( 
rich  jn  iron.    These  lieds  thus  represent  a  i^eriod  of  depositiou 
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highly  ferruginous  sediments.  Analyses  of  five  samples  of  oxidized 
kidney  ore  collected  in  this  region  give  the  following  averages: 
Metallic  iron,  43.372;  sulphur,  0.049;  phosphorus,  0.166.  These  fig- 
ures show  that  these  ores  are  comparable  with  the  limonite  phases 
of  the  limestone  and  block  ores. 


BLACK-BAND   ORES. 

The  term  black-band  ores  is  applied  to  beds  of  carbonate  of  iron 
with  more  or  less  bituminous  and  earthy  matter  associated.  A  nota- 
ble occurrence  of  this  ore  is  on  the  property  of  the  Torchlight  Coal 
Company  on  Levisa  Fork,  in  Lawrence  County.  The  deposit  lies 
about  15  feet  below  coal  No.  4  and  is  from  8  to  12  feet  thick,  con- 
sisting of  layers  of  black  or  carbonaceous  siderite,  from  1  inch  to 
3  inches  thick,  alternating  with  thin  layers  of  bituminous  shale. 
The  ore,  which  carries  55.12  per  cent  of  iron  carbonate,  compares 
favorably  with  the  Scotch  black-band  ores.  An  analysis  of  the  ore 
from  this  locality  follows,  together  with  analyses  of  a  similar  ore 
from  Perry  County,  Ohio,  and  of  one  from  Scotland.  These  were 
kindly  furnished  by  Col.  Jay  H.  Northup,  of  Louisa. 

Analyst's  of  hlack-hana  ores. 


Threemlle        Perry 
I     Oreek,         County, 
j  Kentucky.        Ohio. 


Scotch 
black 
band. 


Iron  carbonate  (FeCOs).. 

Ferrous  oxide  (FeO) 

Ferric  oxide  (FeaOa) 

Manganese  oxide  (MnO). 

Alumina  (AhOa). 

Lime  (CaO) 

Magnesia  (MgO) 

Carbon  dioxide  (CO2)— . 
Phosphoric  acid  (PsOs).. 
Sulphide  of  iron  (FeSz).. 

Water  (HsO) 

Organic  matter 

Insoluble  residue 


55.12 


9.12 
2.90 
3.26 
6.12 
1.92 


Trace. 

.78 


10.25 
9.18 


MetaUic  iron. 


98.65 
36.96 


4.10 

36.59 

1.50 

2.70 

6.05 

.29 

3.00 

3.24 

.25 

1.02 

30.50 

19.09 

Trace. 

1.56 

1.63 

.58 

.84 

6.25 

18.02 

2.80 

9.91 

99.96 
36.49 


94.23 
25.63 


SUMMABT. 

The  ores  of  this  part  of  Kentucky  practically  ceased  to  count  as 
sources  of  iron  some  time  ago.  In  spite  of  this  fact  it  has  been 
thought  advisable  to  give  a  brief  outline  of  their  geology  and  occur- 
rence. Though  they  have  little  value  at  present,  they  may  be  more 
important  in  the  future.  When  the  various  ore  beds  were  worked, 
the  oxidized  material  at  or  near  the  outcrop  was  sought  for,  as  the 
furnace  managers  were  professedly  unable  to  work  the  blue  or  gray 
carbonate  and  produce  the  desired  coarse-grained  foundry  iron.  The 
oxidized  ore  was  obtained  by  benching  or  stripping,  a  process  which, 
47008—08 9 
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though  economical  for  ore  occurring  at  the  outcrop,  could  not  bft,  , 
carried  into  the  hills  for  any  distance,  and  thus  but  an  insi^IBcai^M 
percentage  of  the  ore  bodies  hu;^  bei^n  removed  from  the  hills,  Th^^ 
remaining  ore  i^  largely  iron  carbonate*  It  is  very  likely  that  when 
the  cheaper  oits  now  on  the  market  become  scarce  and  prices  ^^^| 
Vance  the  higher  grades  of  these  ores  will  be  worked*  To  rendff 
satisfactory  re.suUs  the  mining  methods  employed  must  be  studied 
most  carefully,  but  the  fact  that  similar  thin  beds  of  iron  ore  lm% 
l>een  successfully  worked  in  Europe  is  significant 


LIMESTONES. 

Brief  descriptions  have  been  given  of  two  limestones,  the  Vanpoi 
(**  Hanging  Rock '')  limestone  near  the  base  of  the  Allegheny  formi 
tion   and  the  Max vi lie   limestone  underlying  the    Potts ville, 
Conemangh  contains  higher  beds  of  limestone,  a  few  of  which  are 
persistent  and  are  hence  of  value  in  unraveling  the  stratigraphy* 
Some  of  these  Ijjeds  are  also  of  local  economic  importance. 

The  lowest  limestone  in  the  Conemangh  is  the  most  persistent  of 
all  It  usually  lies  very  near  the  top  of  the  Mahoning  sandstone,  or. 
rather,  the  group  of  sandstone  lying  nt  the  base  of  the  Conemangh 
formation.  It  is  v^iry  widespread,  but  not  everywhei"^  a  typical  lime- 
stone in  its  development.  Along  Big  Sandy  River  it  may  be  trao 
rather  continuously  from  the  mouth  of  Dot^k  Creek  to  Roundbottoi 
At  some  points  along  this  stretch  it  is  a  calcareons  sandstone  4  to 
feet  thi(^k,  containing  abundant  crinoid  stems  and  other  fossil 
About  one-eighth  of  a  mile  below  Lockwood  on  the  Kentucky  side 
has  much  the  same  character,  but  here  it  is  weathered  and  dark 
appearance  and  crumbles  easily  under  the  hammer.  In  the  hill^ 
back  of  Cassville  it  is  a  fossiliferous  shale  and  is  closely  underl 
by  a  thin  bed  of  coal,  called  the  Mason  coal  by  I.  C.  White,"  a 
probably  correlating  closely  with  the  Brush  Creek  coal  of  westei 
Pennsylvania.  Throughout  the  southern  part  of  Boyd  County 
is  very  persistent,  but  much  of  it  is  too  sandy  to  bum  for  fertilizer. 
In  the  hills  east  and  west  of  Willard  and  on  most  of  the  strea; 
flowing  into  Little  Fork  from  the  east  it  is  4  to  5  feet  thick*  In  thi 
region  it  is  siliceous  and  does  not  i^act  with  acid  on  the  weathei 
surface,  but  on  l>eing  broken  it  is  found  to  contain  much  lime.  At 
Willard  it  occurs  180  feet  above  the  Coalton  coal  and  about  230  feel 
above  the  Vanport  limestone.  When  burned  this  limestone  will 
probably  yield  a  fairly  satisfactory  fertilizer.  This  limestone 
probably  the  representative  of  one  of  the  Cambridge  limestones 
the  Ohio  Geological  Survey,     The  horizon  is  in  many  places  ch 

•  West  Virginia  GeoL  Surrey*  toI.  2,  1903.  p.  280* 


Ills      ' 

ntn       I 

I 

/*r. 


BUILDING  STONE.  181 

acterized  by  two  calcareous  beds  lying  a  small  distance  from  one 
another,  as  indicated  in  the  following  section : 

Section  of  Cambridge  limestone  1  mUe  west  of  Potom^ac  on  Whites  Creek. 
CJoncealed.  Ft.  in. 

Sandstone,  fossiliferous 4 

Shale 14 

Limestone,  crlnoldal 6 

Shale,  blue 1 

A  short  distance  away,  near  the  re^sidence  of  J.  L.  Bowling,  the 
following  section  was  measured : 

Section  of  limestone  near  residence  of  J,  L.  Bowling^  west  of  Potom^ac,  Kp, 

Feet. 

Sandstone,  massive 30 

CJoncealed 15 

Sandstone,  laminated 2 

Concealed  — 23 

Sandstone,  fossiliferous 4 

Shale 23 

Limestone 1 

Shale 5 

The  fossiliferous  sandstone  and  the  limestone  lying  from  14  to  23 
feet  below  may  represent  the  upper  and  lower  Cambridge  limestones 
of  Ohio. 

About  80  to  100  feet  above  the  Cambridge  limestone  is  another 
limestone,  also  largely  siliceous,  which  probably  corresponds  to  the 
Ames  of  the  Ohio  and  Pennsylvania  surveys.  It  is  seen  at  many  places 
on  the  headwaters  of  East  Fork  of  Little  Sandy  and  is  rather  per- 
sistent in  the  hills  east  and  southeast  of  Cassville,  W.  Va,  In  the 
latter  region  much  of  it  is  characterized  by  calcareous  pebbles  on 
its  outcrop.  This  limestone  is  possibly  valuable  for  fertilizer  and 
may  repay  careful  prospecting.  Other  limestones  have  been  observed 
higher  in  the  Conemaugh  at  70  and  120  feet  above  the  Ames.  These 
higher  Conemaugh  limestones  are  generally  characterized  on  their 
outcrops  by  the  presence  of  a  few  limestone  pebbles.  Like  the  lower 
limestones,  they  may  prove  locally  valuable. 

BUILDING  STONE. 

The  only  rock  suitable  for  building  stone  in  this  area  is  sandstone, 
and  of  this  there  is  a  great  abundance.  As  a  rule  this  rock  will 
not  bear  the  cost  of  transportation,  but  as  a  local  building  stone  it 
has  proved  of  value  in  the  construction  of  culverts  for  the  railroads 
which  pass  through  the  area  and  also  in  the  construction  of  chimneys, 
fireplaces,  etc.,  all  through  the  country.  Some  of  this  sandstone  has 
also  been  used  in  the  construction  of  dwellings.    Very  little  of  it,  if 
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nny,  can  be  cot  into  hlot*ks  of  any  i*onsidenihIe  dimensions,  but  fo 
rougher  purposes  it  serves  as  n  cheap  and  very  accessible  source  of 
supply. 

Most  of  the  gandstone  in  this  area  is  micaceous,  much  is  feldspathic, 
and  as  a  rule  it  contains  iron  oxide.  It  ranges  from  very  fine-grained 
to  conglomeratic,  in  which  few  of  the  quartz  pebbles  exceed  an  inch 
in  their  largest  dimension*  A  large  amount  of  this  sandstone  is 
friable,  disintegrating  readily  to  fine  sand.  Such  rock  was  us^d 
in  the  construction  of  u  residence  and  of  a  building  in  Ashland* 
and  so  far  as  known  proved  satisfactory*  It  would  appear,  there- 
fore, that  freshly  cut  blocks,  even  of  this  friable  sandstone,  season 
fairly  well  and  become  resistant. 

In  the  Conemaugh  formation  the  most  important  sandstone  lies 
at  its  base  and  is  known  as  the  Mahoning  sandstone.  This  sandstone 
is  well  exposed  along  Big  Sandy  River  near  its  mouth,  in  both  Ken- 
tucky and  West  Virginia*  Near  Kenova  it  appears  to  be  thick 
bedded  enough  to  supply  dimension  stone*  At  this  point,  besides 
, being  veiy  massive,  it  is  i^ery  coarse  grained  and  locally  conglom- 
eratic. It  has  been  u*sed  by  the  Norfolk  and  Western  Eailway  in  this 
locality.  To  the  souths  up  Big  Sandy  Kiver,  it  is  above  drainage 
level  nearly  to  the  mouth  of  Dock  Creek  in  West  Virginia  and  to 
Savage  in  Kentucky*  In  building  the  Norfolk  and  Western  Bui! way 
and  in  the  recent  changes  in  grading  the  Chesapeake  and  Ohio  Rail- 
way much  of  this  rock  has  been  used*  A  higher  sandi^tone  in  the 
Conemaugh  formation  has  been  quarried  for  local  purposeson  Whites 
Creek,  near  Egypt.  The  Conemaugh  also  contains  other  sandstone 
beds  which,  though  suitable  for  local  purposes,  are  not  sufficiently 
valuable  to  export. 

Sandstone  from  the  Allegheny  formation  has  been  used  along 
Ohio  River  opposite  Ashland.  At  this  point  the  sandstone  above 
the  Coalton  coal  thickens  abnormally  arid  has  been  quarried  by  the 
Norfolk  and  Western  Railway  for  use  along  its  line.  It  has  fur- 
nished much  rock  of  fair  dimensions. 

The  Pottsville  formation  contains  many  sandstones  of  consider- 
able thickness,  much  of  which  has  been  used  in  the  construction  of 
the  Norfolk  and  Western  Railway  along  Tug  Fork,  and  by  the 
Chesapeake  and  Ohio  Railway  on  Levisa  Fork.  The  Homewood 
or  upper  sandstone  member  of  this  formation  outcrops  near  Ashland 
and  occurs  as  a  very  massive  cliflf  between  the  eastern  limits  of 
the  city  and  Cliffside  Park.  The  rock  has  been  used  with  very 
satisfactory  results  in  the  construction  of  dwellings.  Ix)wer  sand- 
stones of  the  Pottsville  have  proved  locally  valuable. 
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GLASS  SAND. 

Some  of  the  sandstones  in  this  quadrangle  may.  be  of  sufficient 
purity  to  furnish  raw  material  for  making  glass,  but  most  of  them 
appear  to  be  too  ferruginous  for  such  a  purpose.  Some  of  the  sand 
found  in  the  flood-plain  deposits  may,  when  washed,  also  prove  suit- 
able. A  deposit  of  the  latter  type  was  reported  on  the  property 
of  Samuel  Ferguson,  at  North  Kenova,  Ohio.  The  Mahoning  sand- 
stone and  the  Homewood  and  other  -  sandstones  in  the  Pottsville 
appear  to  be  of  sufficient  purity  in  places  for  glass  making,  but  no 
definite  statement  can  be  made  as  to  the  suitability  of  this  material 
at  any  particular  point.  The  Mahoning  near  Willard  and  the  Home- 
wood  near  Mount  Savage  may  repay  careful  prospecting  for  glass 
sand.  Before  pronouncing  on  the  fitness  of  sandstone  or  loose  sand 
for  glass  making  it  should  be  examined  microscopically  and  chemi- 
cal tests  should  be  made  to  determine  the  amount  of  iron,  which,  if 
present  in  too  large  quantities,  renders  the  glass  opaque.  Large 
amounts  of  aluminum  and  magnesia  also  have  a  deleterious  effect 
Better  than  either  of  these  tests  is  a  practical  test  of  the  material. 
It  should  be  remembered  also  that  some  sandstones,  though  naturally 
too  rich  in  iron  for  glass  making,  yield  after  crushing  and  washing 
a  suitable  raw  product. 

SALT. 

Many  years  ago  salt  was  obtained  from  wells  sunk  on  Big  Sandy 
River  near  Zelda.  The  old  salt  works  have  long  since  disappeared. 
South  of  Zelda,  near  Catalpa,  some  of  the  wells  drilled  for  oil  and 
gas  have  struck  salt  water,  which  is  still  running. 

METALLIC  ELEMENTS. 

Numerous  reports  reached  the  writer,  while  working  in  the  Kenova 
quadrangle,  regarding  discoveries  of  lead  and  other  metals.  Con- 
cretions containing  small  amoimts  of  lead  and  zinc  sulphides  have 
been  seen.  It  may  be  safely  stated,  however,  that  in  this  area  the 
metallic  elements,  such  as  gold,  silver,  copper,  lead,  etc.,  occur  in 
such  small  quantities  that  time  and  money  spent  in  exploration  for 
them  will  meet  with  but  little  return. 

DIAMONDS. 

Diamonds  have  been  reported  as  having  been  found  in  Elliott 
County,  in  the  peridotite  described  on  page  21.  The  name  of  kim- 
berlite  has  been  applied  to  this  rock  owing  to  its  resemblance  to  the 
diamondiferous  rock  of  South  Africa.  The  writer  can  not  substan- 
tiate these  reports.  The  peridotite  is,  however,  characterized  by  the 
presence  of  numerous  garnets  of  small  size.    None  of  gem  quality, 
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SO  far  as  known,  have  ever  been  obtained,  but  It  is  by  no  means 
certain  that  they  do  not  exist.  The  extent  of  the  outcrops  of  perid- 
otitc  is  indicated  on  the  economic  map  (PL  I), 
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In  the  pages  dealing  with  the  general  stratigraphy  of  the  various 
districts  into  which  the  quadrangle  has  been  divided^  brief  descrip- 
tion^s  have  been  given  of  the  character  of  the  rocks  appearing  at  the 
surface*  A  knowledge  of  rocks  lower  than  these  has  been  obtained 
from  the  deep  wells  drilled  in  search  of  oil  and  gas.  Some  of  the 
facts  so  obtained  are  merely  supplementary  to  those  already  knnwn, 
but  much  of  the  information  h  entirely  new.  It  will  be  understood 
that  the  way  in  which  our  knowledge  o£  these  underlying  rock.s  b 
obtained  presupposes  many  factors  which  are  liable  to  lead  to  error 
in  attempting  close  correlations.  First,  a  division  of  these  lower 
rocks  iuto  well -recognized  geologic  units  is  based  almost  solely  on 
variations  in  physical  character^  a  standard  which  often  fails  cm- 
tirely  when  applied  to  surface  roc^ks,  Second,  the  determination  of 
lithologic  distinctions  is  often  left  to  pei-sons  incompetent  to  niakt' 
such  distinctions*  Third,  if  measurements  are  not  made  with  the 
steel  tape  other  errors  are  likely  to  creep  in.  On  the  other  hand, 
horizons  at  which,  from  a  general  knowledge  of  the  underground 
stratigraphy  of  a  given  district,  oil  and  gas  are  considered  liable  to 
occur  are  usually  expected  by  the  driller,  and  hence  the  position  of 
their  tops  and  bases  is  generally  detected  within  very  close  limits. 

CABBONIFEBOUS  ST8TEH. 

PENNSTLVANIAN    SERIES. 

The  base  of  the  Pennsylvanian  series,  resting  on  the  top  of  the 
Maxville  limestone,  has  been  chosen  as  a  datum  plane  in  arranging 
the  deep- well  records  (PI.  VI).  The  Maxville  limestone  is  present  in 
all  the  sections  except  one  shown  by  a  well  (No.  9,  PI.  VI)  drilled 
near  the  mouth  of  Blaine  Creek,  and  serves  as  a  convenient  guide 
from  which  to  reckon.  The  complete  absence  of  this  limestone  in  the 
Blaine  Creek  record  is  not  easily  explained,  since  the  Horseford 
Creek  well  (No.  10),  a  mile  and  a  half  away,  shows  the  limestone  140 
feet  thick.  The  limestone  is  probably  present  in  the  Blaine  Creek 
well,  but  was  called  sandstone. 

The  well  showing  the  greatest  thickness  of  Pennsylvanian  or  coal- 
bearing  rocks  is  the  Horseford  Creek  well  (No.  10),  in  which  more 
than  1,000  feet  of  these  rocks  is  represented.  The  explanation  is  that 
the  well  was  started  in  Conemaugh  rocks  w^ell  up  in  this  series.    The 
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prevailingly  sandy  character  of  the  lower  part  of  the  Pennsylvanian 
rocks  is  apparent.  The  line  which  has  been  drawn  at  the  top  of  the 
lower  sandstones  of  this  series  is  not  the  top  of  the  Pottsville,  since 
from  surface  observations  it  is  known  that  the  Pottsville  must  be 
thicker  than  the  intervals  included  between  this  line  and  the  top  of 
the  Maxville  limestone,  as  in  the  Shope  Creek  well,  Summit  well, 
Catletts  Creek  well,  and  others.  This  lower  group  of  sandstones  con- 
tains salt  water  and  gas,  and  this  fact  has  helped  to  determine  the 
position  of  the  correlation  line  at  its  top.  It  is  probable  that  in  sev- 
eral of  the  sections  this  lower  group  of  sandstones  may  correspond  to 
.  the  Sharon  conglomerate,  which  is  known  to  consist  of  two  members, 
as  on  Everman  Creek,  Carter  County.  The  well  showing  the  gi'eatest 
thickness  of  Pottsville  rocks  is  the  GriflSth  Creek  well  (No.  19),  which 
starts  in  rocks  of  this  formation  and  reaches  the  Maxville  limestone 
at  a  depth  of  775  feet.  In  the  southeastern  part  of  the  area,  therefore, 
the  Pottsville  rocks  are  very  nearly  1,400  feet  thick,  as  compared  with 
a  thickness  of  350  to  400  feet  in  the  northwestern  and  western  parts. 
The  first  figure,  1,400,  added  to  the  average  thickness  of  Allegheny, 
Conemaugh,  and  higher  rocks,  makes  the  Pennsylvanian  series  in  the 
Kenova  quadrangle,  in  round  numbers,  about  2,000  feet  thick.  In 
certain  sections  the  highest  limestone  plotted  has  not  been  regarded 
as  the  Maxville.  In  doing  this  each  case  had  to  be  considered  on  its 
own  merits  in  connection  with  the  known  surface  geology  of  the  im- " 
mediate  locality.  At  some  points  where  limestone  is  shown  on  the 
surface  on  the  plotted  record,  it  is  probable  that  sandstone  has  been 
designated  as  a  limestone  or  lime  by  the  driller. 

MISSISSIPPI  AN    SERIES. 

The  Mississippian  series  includes  the  rocks  from  the  top  of  the 
Maxville  limestone  to  the  base  of  the  Bedford  shale ;  no  record  shows 
the  presence  of  red  shale  above  the  top  of  the  Maxville.  The  series 
comprises  the  Maxville  limestone  and  the  Waverly  group,  in  which 
is  included  at  the  base  the  Sunbury  shale,  Berea  sandstone,  and  Bed- 
ford shale. 

The  Maxville  limestone  shows  in  all  the  sections  except  that  of  the 
Blaine  Creek  well  (No.  9).  It  ranges  in  thickness  from  60  feet  in 
the  Summit  well  (No.  3)  to  345  feet  in  the  Alum  City  Oil  Company's 
Straight  Creek  well  (No.  6)  and  the  A.  M.  Holbrook  well  (No.  18). 
The  latter  thickness  seems  exce^^sive,  for  near  both  the  Straight  Creek 
well  and  the  Holbrook  well  other  records  show  a  thickness  of  109 
and  152  feet  for  this  limestone.  The  fact  that  the  unusual  thickness 
of  limestone  is  accompanied  by  a  marked  thinning  of  the  underlying 
Waverly  in  both  records  is  indirect  evidence  that  the  thickness  of  the 
limestone  has  been  overestimated.  The  Richardson  well  (No.  5) 
shows  the  next  lower  measurement — about  270  feet.  But  this,  too,  may 
be  excessive,  for  the  Catletts  Creek  well,  not  over  3  miles  away,  shows 
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cmly  80  feet  of  limestone.  The  limestone  shows  grsftt  ▼mriatiim  uid 
no  tendency  to  thicken  regularly  in  any  part  of  the  area.  Whether 
or  not  this  is  due  to  an  unconformity  at  its  top  can  not  be  stated,  but 
it  is  known  that  an  unconformity  exists  between  the  Miasissippian 
and  Pennsylvanian  series  in  Pennsylvania  and  Weat  Vix^ginia.  The 
Maxville  limestone  is  the  ^  Big  lime "  of  the  PennsylTania  drillers 
and  corresponds  to  the  Greenbrier  of  West  Virginia. 

The  Waverly  group  includes  the  Mississippian  rodES  below  the 
Maxville  limestone  and  above  the  Devonian  sluile.  At  the  top  of  this 
group,  in  the  wells  studied  in  the  northern  part  of  the  quadran^e,  a 
persistent  sandstone  is  present  It  is  in  places  overlain  by  a  dbale^ 
bed  that  is  usually  thin,  but  is  40  feet  thick  in  the  Joahua  Kelly  well 
(No.  1).  At  Straight  Creek  and  on  Glan<gr  Fork  no  sandstcme  ap- 
pears in  this  position,  but  the  Horseford  Creek  well  (No.  .10)  shows 
96  feet  In  the  Blaine  Creek  section  870  feet  of  white  aandstone  and 
conglomerate  are  represented  in  this  part  of  the  sectiooy  aijid  without 
doubt  part  of  this  thickness  is  the  upper  sandstone  of  the  Waverly. 
In  the  wells  in  the  southern  part  of  the  quadrangle  it  is  usually 
absent,  except  in  the  Jason  Boggs  well  (No.  11),  where  the  sandstone 
in  this  position  measures  345  feet,  with  the  underlying  shales  only 
75  feet  thick.  This  interpretation  of  the  lithologie  character  of  the 
rocks  is  open  to  some  question,  as  the  shale  below  the  sandstone  is 
everywhere  much  thicker  than  the  sandstone  itself.  In  a  carefully 
kept  record  of  the  Guffey  well,  north  of  Grayson,  no  typical  sand- 
stone is  reported  from  this  position.  The  complete  record  of  the 
well,  which  seems  to  be  the  only  one  known  in  this  particular  part  of 
the  quadrangle,  is  given  to  show  the  character  of  the  underlying 
formations  in  this  part  of  Carter  County.* 

Log  of  Ouffey  well,  just  north  of  Grayson,  Carter  County,  Ky,^ 
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«  Oil  and  gas :  Kentucky  C.eol.  Survey,  Bull.  No.  1,  1905,  p.  74. 
'The  geologic  units  were  Identified  by  J.  B.  Hoeing. 
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In  the  record  of  the  deep  well  near  Central  City,  W.  Va.,  the 
sandstone  appears  with  a  thickness  of  177  feet,  showing  its  continua- 
tion to  the  east  of  this  quadrangle.*" 

Section  of  well  on  Fourpole  Creek  near  Central  City,  W,  Va,^ 
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•This  well  was  drilled  in   1898.     The  record  was  furnished  by  Thomas   W.   Harvey, 
owner. 


The  meager  data  available  in  this  area  as  a  whole  indicate  a 
tendency  in  this  sandstone  to  die  out  to  the  south.  It  is  the  Bur- 
goon  ("Big  Injun")  sandstone  of  the  Pennsylvania  drillers,  and 
probably  represents  the  "  Big  Injun  group  "  of  the  Kentucky  Geo- 
logical Survey  and  the  Logan  formation  of  the  Ohio  Survey.  The 
thickness  of  the  sandstone  and  shale  ranges  from  70  to  370  feet. 

The  underlying  shales  of  the  Waverly  are  from  370  to  470  feet 
thick  across  the  northern  part  of  the  quadrangle,  from  west  to  east. 

'  Campbell.  M.  R..  Description  of  the  Huntington  quadrangle :  Geolq^c  Atlas  U.  S.. 
foUo  69,  U.  S.  Geol.  Survey.  1900,  p.  3. 
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In  the  wdls  in  the  central  part  of  the  quadrangle,  except  the  Alum 
City  CHI  Company's  well  at  Straight  Creek   (No.  6,  PL  VI),  th^ 
tliickness  is  rather  iinifonn,  rang^ing  from  375  to  440  feet.     It  ig™ 
fairly  uniform  also  along  the  st>ntheni  edge  of  the  quadrangle,  most 
of  the  wells  showing  about  400  feet.    In  most  of  the  records  tha^ 
rocks  are  described  as  sand  and  sliale,  the  latter  usually  light  or  gray" 
in  color,  but  in  places  dark  or  black.    Local  limestone  layers  are  also 
recorded.  d 

The  Sunbury  shale  and  Berea  sandstone,  near  the  base  of  the 
Misdssippian  series,  consist  of  oil-  and  gas- bearing  shale  and  sand- 
stone from  60  to  200  feet  thick.  In  the  northern  part  of  the  quad- 
rangle as  a  whole  the  Mississippian  series  averages  very  nearly  TOO 
feet  in  thickness,  but  it  shows  a  tendency  to  grow  thirmer  toward 
the  south.  ^j||H 

The  records  show,  below  the  shales  and  sandstones  at  the  base  of  the 
Mississippian  series,  a  considerable  body  of  shale,  more  or  less  cal- 
careous, in  the  midst  of  which  occurs  a  gas-  or  oil-bearing  sand, 
probably  the  Ragland  sand  of  the  Kentucky  drillers.  In  some  wells 
this  sand  is  underlain  by  a  few  hundred  feet  of  black  shale  (Ohio 
shale),  but  in  others  the  underlying  rocks  are  more  or  less  calcareous 
in  part.  It  is  probable  thni  m  tlir^  \\v]U  drillpil  in  {hp  '^luHu^ni  pnT-t  - 
of  the  area  (Nos.  11  to  19)  Silurian  limestones  have  been  reached. 
They  may  also  be  reached  in  some  of  the  wells  near  the  northern  edge 
of  the  quadrangle,  as  in  that  at  Central  City,  where  a  part  of  the  215 
feet  of  limestone  at  the  base  of  the  section  may  be  Silurian.  The 
basis  for  this  statement  lies  in  the  fact  that  in  the  vertical  section  of 
Ohio  rocks  the  limestones  at  the  base  of  the  Devonian  do  not  exceed 
75  feet  in  thickness  at  any  point.**  It  is  also  possible  that  in  the 
wells  in  the  northern  part  of  this  area  the  considerable  bodies  of 
shale  represented  below  the  Kagland  sand  may  be  older  than 
Devonian. 

OIL  AND  GAS  WELLS. 

On  the  geologic  map  accompanying  this  report  two  classes  of 
wells  are  represented  by  red  and  green  symbols.  Those  in  red  indicate 
wells  that  are  known  to  have  produced  gas  in  quantity;  the  other 
wells  are  shown  in  green.  Nearly  all  the  wells  in  this  area  were 
drilled  in  search  of  oil.  In  some  of  them  oil  was  found,  but  in  too 
small  amount  to  pay  the  expense  of  prospecting,  and  some  wells  were 
practically  dry.  The  rocks  containing  oil  and  gas  are  usually  known 
to  the  drillers  as  sands.  Those  known  to  be  productive  in  this  area 
are  described  in  the  next  section.  The  numbers  in  the  accompanying 
list  correspond  to  those  used  on  the  economic  map  (PI.  I). 


•  Bept.  Geol.  Survey  Ohio,  vol.  7.  1893,  plate  opp.  p.  4. 
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Deep  wells  in  the  Kenova  quadrangle, 

1.  Little  Sandy  Oil  CJompany,  Joshua  Kelly  farm,  Euclid,  Greenup  County. 

2.  Clinton  well,  George  farm,  Shope  Creek,  Boyd  County. 

3.  Summit,  Boyd  County. 

4.  Catletts  Creek,  2  miles  west  of  Catlettsburg. 

5.  LongabaugU  well,  Richardson  farm,  west  bank  of  Big  Sandy  River,  1^ 

miles  south  of  Catlettsburg.    . 

6.  Alum  City  Oil  Company,  Straight  Creek,  Carter  County. 

7.  New  Domain  Oil  and  Gas  Company,  Straight  Creek,  Carter  County. 

8.  New  Domain  Oil  and  Gas  Company,  L.  C.  Glancy  farm,  Glancy  Fork, 

Carter  County. 

9.  Mouth  of  Blaine  Creek,  Lawrence  County. 

10.  Horseford  Creek,  Lawrence  County. 

11.  New  Domain  Oil  and  Gas  Company,  Jason  Boggs  farm,  Canes  Creek,  6 

miles  northwest  of  Blaine,  Lawrence  County. 

12.  New  Domain  Oil  and  Gas  Company,  John  Boggs  farm,  Canes  Creek,  4 

miles  northwest  of  Blaine,  Lawrence  County. 

13.  New  Domain  Oil  and  Gas  Company,  J.  F.  Cooper  farm,  Lick  Fork  of 

Cherokee  Creek,  5  miles  northwest  of  Blaine,  Lawrence  County. 

14.  New  Domain  Oil  and  Gas  Company,  J.  A.  Young  farm,  Cherokee  Creek, 

I^wrence  County. 

15.  laurel  or  Broas  well,  I-.ower  laurel  Creek,  Lawrence  County. 

16.  New  Domain  Oil  and  Gas  Company,  H.  H.  Gambrill  farm.  Big  Blaine 

Creek,  1  mile  west  of  Blaine,  Lawrence  County. 

17.  Berry  well,  mouth  of  Cane  Creek,  Lawrence  C6unty. 

18.  New  Domain  Oil  and  Gas  Company,  A.  M.  Holbrook  farm,  one-fourth 

mile  northeast  of  Blaine,  Lawrence  County. 

19.  Griffith  Creek,  7  miles  southeast  of  Louisa,  Lawrence  County. 

20.  Oil  well,  Catletts  Creek. 
21,22.  Forestdale,  Ohio. 

23.  Frank  Crank,  Yatesville. 

24.  George  Carter,  near  Yatesville. 

25.  Hannah  Lackey,  near  Yatesville. 
26, 27.  Land  &  Carter,  near  Yatesville. 
28.  Keffer  well,  Upper  Stinson  Creek. 

OIL  AND  GAS  SANDS. 
CABBONIFEBOUS   ROCKS. 

Salt  sand. — Fresh  water  is  reported  in  the  Summit  well  (No.  3), 
well  up  in  the  Carboniferous,  425  feet  above  the  top  of  the  Maxville 
limestone,  and  also  in  the  Straight  Creek  well  (No.  6),  441  feet  above 
the  same  datum  plane.  The  first  prominent  gas  and  salt-water  hori- 
zon occurs  in  the  interval  of  250  feet  above  the  Maxville,  in  the  lower 
part  of  the  Pottsville  formation.  This  salt-water  bed  probably  corre- 
sponds in  places  to  the  Sharon  conglomerate.  The  oil  and  salt- 
water sands  are  either  two  or  three  in  number,  and  may  be  regarded 
as  the  equivalent  of  the  Salt  sand  to  the  north  in  Ohio,  but  in 
Washington  and  Monroe  counties,  Ohio,  the  name  Maxton  sand  has 
been  applied  to  the  sand  resting  directly  upon  the  Maxville  lime- 
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stone.    From  this  bed  the  old  salt  wells  on  Bi|f  Sandy  'Biw 
Zelda  obtained  their  salt  water. 

Biff  Injun  sand. — ^The  sandstone  oixataimiig  salt  water  J^yiag  di- 
rectly below  the  Maxville  limestone,  or  separated  frsm  it  biyi  a  few 
feet  of  shale,  belongs  to  the  ^^  Big  Injun  groap,*^  or  liOgan  fbrmation 
of  Kentucky  and  CHiio.  The  term  ^^  group  "  is  hardly  applicable  in 
the  Eenova  quac^ngle,  as  most  of  the  records  show  a  single  sand- 
stone bed  from  pO  to  175  feet  thick  In  the  Blaine  Creek  wen  (Nci) 
370  feet  of  sand  and  conglomerate  are  indicated  in  this  part  of  the 
section,  but,  as  has  already  been  pointed  out,  some  of  tfaie  ib  probably 
the  Maxville  limestone.  Nothing  but  salt  water  has  been  r<qp<vted 
from  this  sandstone. 

Berea  sandstone. — ^In  the  rocks  below  the  Big  Injun  sand  an  occa- 
sional show  of  oil  is  reported,  but  no  persistent  oil-  and  gas-bearing 
rocks  are  encountered  until  the  drill  reaches  the  Sunbury  dude  and 
Berea  sandstone;  Most  of  the  records  studied  show  between  the  dude 
of  the  Waverly  above  (Cuyahoga ?)  and  the  Devoniaa  Uack  shale  be- 
low a  group  of  sandstones  with  shale  layers,  which  are  referred  to  the 
Sunbury  shale  and  Berea  sandstone.  In  many  of  the  sections  the 
well-defined  sandstone  occurring  below  the  blade  shale  of  the  Waverly 
is  without  doubt  the  Berea  sandstone  proper,  but  in  certain  of  tlw 
sections  showing  several  sandstone  bands  the  boundary  has  been 
drawn  on  the  lowermost  where  there  seemed  no  positive  evidence  to 
the  contrary.  Where  a  single  layer  of  both,  shale  and  sandstone  has 
been  recognized  in  the  driller's  logs  the  thickness  does  not  exceed  120 
feet.  Both  oil  and  gas  are  reported  from  the  Berea,  btlt  in  no 
instance  has  the  production  been  on  a  profitable  scale. 

DEVONIAN   BOCKS. 

Ragland  sand. — The  Devonian  shale  carries  some  oil  disseminated 
through  it,  but  the  first  persistent  gas-  and  oil-bearing  stratum  in  this 
rock  is  a  sandstone  band  a  few  hundred  feet  from  its  top.  Some  of 
the  records  show  this  sandstone  embedded  in  shale,  as  in  the  Clinton 
well  (No.  2),  the  Catletts  Creek  well  (No.  4),  and  the  Richardson  or 
Longabaugh  well  (No.  5) ;  but  in  others  it  rests  upon  or  is  associated 
with  limestone.  It  is  barely  possible  that  the  Ragland  sand  of  the 
southwestern  part  of  the  quadrangle,  found  resting  upon  limestone, 
may  not  be  the  same  sandstone  as  the  gas-bearing  rock  of  the  Cat- 
letts Creek  and  Clinton  wells,  but  the  presumption  is  strongly  in 
favor  of  this  correlation.  The  reason  for  this  question  lies  in  the  fact 
that  in  the  Clinton,  Catletts  Creek,  and  Longabaugh  wells  the  gas- 
bearing  sand  is  underlain  by  considerable  bodies  of  shale,  which  are 
described  in  the  Clinton  record  as  black  and  white.  In  some  wells 
(Nos.  6  and  19)  the  rock  at  the  Ragland  horizon  is  probably  a  lime- 
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stone.  In  the  wells  where  this  sandstone  is  underlain  by  shale  (Nos. 
2,  4,  and  5)  rocks  earlier  than  Devonian  may  be  represented.  This 
gas-bearing  sandstone,  regarded  as  the  Ragland,  is  in  most  places  a 
very  thin  band,  but  at  the  John  Boggs  well  (No.  12)  and  the  J.  A. 
Young  well  (No.  4)  it  is  reported  to  be  more  than  100  feet  thick.  In 
Bath  County  in  the  Ragland  field  none  of  the  records  show  a  thick- 
ness of  the  oil-bearing  stratum  greater  than  25  feet."  This  sand  fur- 
nishes the  high-pressure  gas  on  Catletts  Creek,  but  there  the  sand- 
stone occurs  in  two  benches.  At  the  Jason  Boggs  well  on  Canes 
Creek,  Lawrence  County,  gas  containing  much  hydrogen  sulphide 
was  encountered  at  this  horizon,  with  a  rock  pressure  of  350  pounds. 

PRODUCTION. 

Most  of  the  wells  drilled  in  this  area  report  a  small  production  of 
oil  and  gas,  but  so  small  as  not  to  be  profitable.  Two  gas  weU^  are 
notable  exceptions.  The  well  drilled  on  Catletts  Creek  struicfc  gas 
in  a  9-foot  layer  of  sandstone,  thought  to  correspond  to  the  England 
sand,  at  a  depth  of  1,979  feet.  The  pressure  recorded  was  975  pounds. 
This  gas  is  now  piped  to  Catlettsburg.  At  the  Jason  Boggs  well  on 
Canes  Creek,  Lawrence  County,  gas  was  encountered  in  the  interval 
from  1,672  to  1,697J  feet  below  the  surface;  also  in  the  Ragland  sand. 
The  volume  was  reported  to  be  750,000  cubic  feet  per  twenty-four 
hours  when  the  gas  was  tapped,  and  the  rock  pressure  to  be  350 
pounds.    The  gas  was  heavily  impregnated  with  hydrogen  sulphide. 

TOPOGRAPHIC  DATA. 

TRIANGULATION  STATIONS. 

The  topographic  work  for  the  map  of  the  Kenova  quadrangle 
is  based  on  triangulation  stations,  two  of  which  are  found  within 
the  limits  of  the  quadrangle  and  several  outside  of  its  borders  to 
the  north,  south,  and  northwest.  The  stations  north  and  northwest 
of  the  area,  some  of  which  are  in  the  State  of  Ohio,  were  established 
by  the  Coast  and  Geodetic  Survey,  to  which  the  writer  is  indebted 
for  the  information  regarding  them.  The  four  triangulation  stations 
represented  south  of  the  area  in  the  accompanying  figure  were  estab- 
lished by  the  United  States  Geological  Survey.  The  two  stations  on 
this  quadrangle  are  designated  by  the  names  Oakland  niid  Buena 
Vista.  Oakland,  named  from  Oakland  furnace,  on  Chadwick  Creek, 
Boyd  County,  is  situated  at  the  highest  point  on  the  ridge  at  the  head 
of  Campbell  Eun  and  Laurel  Creek.  Buena  Vista,  so  called  from 
Buena  Vista  furnace,  is  situated  on  the  ridge  northwest  of  Straight 
Creek,  on  the  dividing  line  between  Greenup  and  Boyd  counties.  The 
accompanying  figure  (21)  shows  the  relative  positions  of  these  trian- 
gulation stations.     Descriptions  of  their  exact  locations  follow. 

•Kentucky  Geol.   Survey.   Bull.   No.   1,  1905,   pp.   59,  60. 
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«  No  check  on  this  position. 


ROUND   TOP. 


Eound  Top  station  is  situated  in  Lewis  County,  Ky.,  about  5  miles 
west  of  Quincy,  on  a  hill  just  back  of  L.  Johnson's  house,  well  known 
in  this  locality  as  Eound  Top  and  as  being  the  highest  point  along 
Ohio  Eiver  between  Pittsburg  and  Cincinnati.  The  whole  top  of  the 
hill  was  cleared  off,  with  the  exception  of  two  pine  trees. 

The  station  is  marked  b}'^  an  earthen 'pyramid  buried  3  feet  in  the 
ground.  Above  this  and  coming  to  the  surface  is  a  tile  pipe  6  inches 
in  diameter  and  2  feet  long.  This  is  filled  with  cement  and  a  nail 
in  the  center  marks  the  center  of  the  station.  Four  tile  pipes  2  feet 
long  and  4  inches  in  diameter,  filled  with  cement,  with  a  nail  in  the 
center,  were  put  down  as  reference  marks — north,  east,  south,  and 
west — their  tops  being  level  with  the  surface  of  the  ground.  The 
following  measurements  were  made  with  steel  tape:  From  station 
to  nail  in  pipe  north  (true),  5.88  feet;  to  nail  in  pipe  east,  6.22  feet; 
to  nail  in  pipe  south,  5.95  feet ;  to  nail  in  pipe  west,  5.93  feet. 

SCIOTO. 

Scioto  station  is  on  the  land  of  George  Davis,  about  1^  miles  west 
of  his  distillery  on  the  west  side  of  Scioto  Eiver,  which  is  about  1^ 
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miles  northwest  of  Portsmouth.  A  signal  96  feet  high  to  the  floor 
of  the  scaffold  was  erected  here  and  theodolite  No.  118  was  mounted 
about  100  feet  from  the  ground.     Lines    were    opened    to    Peach 


Fio.   21. — Sketch   showing   lucatlon    of   triangulation   stations    In    and   near    the    Kenova 

quadrangle. 

Mount  Station  (19  miles)  by  cutting  on  five  ridges,  and  to  Twin 
Creek  station  (13  miles)  by  cutting  on  two  ridges.  Fradd,  Gould, 
Rowland,  Round  Top,  Springville,  and  the  whole  of  the  city  of 
Portsmouth  are  open. 
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The  fltation  is  marked  m  follows:  A  pottery  pyramid  was  sunk 
below  the  surface,  over  which  was  phiced  a  64nch  dritlntile  pipe. 
S  feet  kmg,  filled  with  concrete.  The  center  ify  marke^l  by  an  ircin 
spike.  Beference  marks  consist  of  440ch  pipes,  as  follows:  North, 
'6.29  feet;  south,  6J8  feet;  east,  6,25  feet;  west,  6.U  feet.  These 
four  pipes  were  filled  with  concrete,  and  a  nail  driven  in  each  marks 
the  centi^. 

I  HOWXAND. 

Howland  station  is  situated  in  Greenup  County,  Ky,,  between  Ty- 
garts  and  Schultz  creeks  and  between  Right  and  I^eft  forks  of  Beechy 
Cre^,  about  3 J  miles  west  of  Liberty,  about  400  yards  northwest 
of  the  house  of  James  Ilowhmd,  on  a  point  of  limd  belonging  to 
James  Howe,  and  about  100  yards  west  of  the  main  county  road 
that  ruus  from  Schultz  Creek  to  the  mouth  of  Brushy  Creek.  Thft 
signal  is  in  .sight  from  ilr,  Ilowland's  house,  A  65-foot  tripcnl  and 
scaffold  was  erected  here.  Theodolite  No.  135  was  mounted  on  top 
of  the  tripod  and  the  observations  Mere  made  fnnn  it. 

The  station  is  marked  by  an  eailhen  pyramid  buried  2J  feet  below 
the  surface  of  the  ground ;  above  this  is  placed  a  draintile  pipe  6 
inches  in  diameter  and  2  feet  long,  the  top  l^eing  just  even  w  ith  the 
surface  of  the  ground.  The  pipe  was  filled  witli  cement  and  a  G-inch 
spike  in  the  center  marks  the  station.  Four  tile  pipes  4  inches  in 
diameter  and  2  feet  long,  filled  with  cement,  with  a  nail  in  the  center 
of  each,  were  put  down  as  reference  marks.  The  following  measiu^- 
ments  were  made:  From  station  to  nail  in  pipe  north  (true),  6.45 
feet;  east,  6.05  feet;  south,  5.95  feet;  west,  6.10  feet. 


GOULD. 

Gould  station  is  situated  on  the  hills  east  of  Ohio  River,  about  1| 
miles  in  an  air  line  from  the  river  at  Franklin  furnace  landing.  The 
land  formerly  belonged  to  O.  B.  Gould,  but  was  sold  in  1884  to  Means, 
Kyle  &  Co.,  of  Hanging  Eock,  Ohio.  The  hill  is  covered  with  large 
timber  of  second  growth. 

The  station  is  marked  as  follows :  The  center  by  a  pottery  pyramid 
sunk  3  feet  below  the  surface;  above  this  is  a  piece  of  sewer  pipe  6 
inches  in  diameter,  filled  with  concrete,  with  a  nail  in  its  center. 
Other  pieces  of  sewer  pipe,  4  inches  in  diameter,  are  sunk  at  the 
following  distances  and  directions:  North  (true),  4-inch  pipe,  6.08 
feet ;  south,  4-inch  pipe,  6.11  feet ;  east,  4-inch  pipe,  5.78  feet.  On  the 
west  is  a  brass  rod,  one-fourth  inch  in  diameter,  driven  into  the 
smoothed  top  of  an  oak  stiunp  and  surrounded  by  a  triangle  of  iron 
nails,  distant  5.77  feet. 
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FRADD. 

Fradd  station  is  very  near  to  the  line  between  Lawrence  and  Aid 
townships,  in  Lawrence  County,  Ohio,  about  100  yards  south  of  the 
road  running  from  Marion  to  Vesuvius  furnace,  about  3  miles  from 
Marion,  nearly  a  mile  west  of  the  white  schoolhouse  on  the  hill,  on 
land  belonging  to  Charles  Fradd,  who  lives  in  the  hollow  about  one- 
third  of  a  mile  southwest  of  the  station. 

The  station  was  marked  by  an  earthen  pyramid,  sunk  2^  feet  in 
the  groimd;  above  this  was  placed  a  6-inch  tile  pipe,  2  feet  long 
and  filled  with  cement;  a  6-inch  spike  marks  the  station  center. 
Four  4-inch  tile  pipes,  2  feet  long,  filled  with  cement,  with  a  nail  in 
the  center,  were  put  down  as  reference  marks,  their  tops  being  level 
with  the  ground.  The  following  measurements  were  made:  From 
station  center  to  nail  in  pipe  north  (true),. 7.63  feet;  east,  6  feet; 
south,  6.50  feet ;  west,  6  feet. 

BUENA  VISTA. 

Buena  Vista  station  is  on  the  highest  point  of  the  narro\y  ridge 
about  2^  miles  east  of  Hunnewell  furnace,  Greenup  County,  Ky. 
The  county  road  from  Himnewell  furnace  to  old  Buena  Vista  fur- 
nace crosses  the  ridge,  and  the  station  is  on  the  high  point  to  the 
left  of  the  road,  called  in  the  neighborhood  the  "high  knob."  When 
the  ridge  was  cut  off  for  charcoal  a  single  large  tree  was  left,  in  which 
a  flag  was  put  for  use  in  reconnaissance.  This  tree  was  trimmed 
by  cutting  its  lower  branches  and  was  left  temporarily  for  a  mark. 

The  station  is  marked  at  the  center  by  a  pottery  pyramid  sunk 
3  feet  below  the  surface.  Above  this  was  built  a  pier  of  concrete, 
about  44  feet  above  the  ground,  on  which  was  mounted  the  theodo- 
lite. The  center  of  the  pier  above  the  station  is  marked  6  inches 
below  the  surface,  at  15  inches  below  the  top,  at  6  inches  below  the 
top,  and  on  the  surface  of  the  pier  by  iron  spikes  driven  into  the 
concrete  accurately  over  the  center  of  the  station.  A  small  pole 
was  erected  to  observe  on  from  Oakland,  and  was  taken  down  when 
the  pier  was  built.  Reference  marks:  Two  concrete  piers,  6  by  6 
inches  and  2  feet  long,  with  their  tops  even  with  the  ground  and 
nail  in  the  center,  one  east,  one  west ;  for  the  north  and  south  marks, 
oak  stubs  with  nail  in  the  top.  The  following  are  the  distances: 
Station  to  nail  north  (true),  7.90  feet;  east,  7.16  feet;  south,  8.03 
feet;  west,  7  feet.  The  large  chestnut  oak  in  which  the  flag  was 
placed  was  cut  down  and  a  pole  was  erected  over  tlie  pier,  with 
crotch  16  feet  high  and  pole  12  feet  above  the  crotch.  The  dis- 
tance from  the  station  to  a  blazed  stump  marked  with  a  triangle  of 
driven  nails  with  a  spike  in  the  center  is  17.3  feet. 
47008—08 10 


Oakland  station  is  on  the  highest  part  of  the  wooded  hill  at  the 
headwaters  of  ("had wick  Creek,  on  the  land  of  Thomas  Galligher,  a 
few  feet  from  the  fence  dividing  his  land  from  that  of  James 
Rueken 

The  center  is  marked  by  a  pottery  pyramid,  buried  3  feet  Ov 
this  ig  placed  a  -action  of  4-inch  tile  pipe  2  feet  long,  its  upper  sur 
fat-e  It^vel  with  the  surface  of  the  ground.  This  pipe  is  filled  with 
and  Hurrounded  by  concrete  made  of  hydraidic  cement  and  bpoken 
sand?!tone,  Tlie  station  center  is  marlted  on  the  top  of  the  concrete 
by  an  iron  spike  (i  inches  long,  the  center  of  the  head  of  this  spike 
being  accurately  plumbed  under  the  center  of  the  tripod  head,  om 
which  WHS  moinitcd  theodolite  No.  118.  Reference  marks  consis 
ing  of  4-inch  tile  pipes  2  feet  long,  lilled  with  concrete  and  si 
level  with  the  surface  of  the  ground,  with  a  nail  in  the  center  of 
each,  were  phiced  at  the  following  distances  and  dii'ections:  Xorth 
(true),  5,98  feet;  ^outh^  5.02  feet;  east,  0.02  feet;  west^  6,06  feet. 


,  a 


WOLF."' 


On  sharp  ridge  at  head  of  Wolf  Creek,  Martin  County,  Ky-,  IS 
miles  (air  line)  southwest  of  Wnrficld,  on  Tug  Fork  of  Sandy  River* 
Periiianeiit  mark :  Large  cliestnut  tree. 


I 


[Latitude,  37'  43'  34''.4 ;  longitude,  82«  34'  20''.9.] 


To  station— 

Azlmutb. 

Bactc  azimuth. 

Log. 
distance. 

Oastle 

Preston. 

o              /              // 

138    37    03.8 

101    39    06.3 

13    12    43.8 

342    01    68.8 

o           /           w 

318    28    31.8 
281    26    22.6 
196    00    18.7 
162    08    68.8 

Meten. 
4.489071 
4  494856 

Frazler _ 

Willard.- 

4.560816 
4.786822 

PRESTON/ 


On  northeast  end  of  Long  Knob,  at  head  of  Barnett  and  Jennie 
and  Little  Paint  creeks,  Johnson  County,  Ky.,  7  miles  southwest  of 
Paintsville. 

[Latitude,  37"  46'  57". 3;  longitude,  82°  65'  11".6.] 


Azimuth. 


Bade  azimuth. 


Log. 
distanoa. 


Wolf 

Qulcksand- 
Prazier 


281     26    22.6 

1    28    02.2 

332    14    31.1 


101  39  06.S 
181  27  41.1 
162    28    48.8 


Meien. 
4.4) 

4.5ang 

4.679871 


«  This  description  may  be  found  in  Bull.  U.  S.  Geol.  Survey  No.  122,  1894,  p.  82. 


TOPOGRAPHIC  DATA.  147 

SPIRIT-LEVEL  WORK. 

During  the  course  of  topographic  work  in  the  Kenova  quadrangle 
numerous  bench  marks  were  established,  descriptions  and  elevations 
of  which  are  given  below. 

The  elevations  in  the  following  list  are  based  on  a  bronze  tablet  at 
Kenova,  W.  Va.,  in  the  west  side  of  the  door  sill  at  the  entrance  to 
the  men's  waiting  room  at  the  union  station.  The  elevation  of  this 
tablet  is  accepted  as  566.918  feet  above  mean  sea  level.  The  initial 
height  from  which  these  elevations  are  derived  is  that  determined  for 
bench  mark  316  A  of  the  Ohio  River  Survey,  Corps  of  Engineers, 
U.  S.  Army,  at  Catlettsburg,  Ky.,  by  the  1903  adjustment  of  precise 
leveling.  The  leveling  was  done  in  1900  under  the  direction  of  W.  N. 
Morrill,  topographer;  by  J.  E.  Buford  and  C.  H.  Semper,  levelmen. 
All  standard  bench  marks  dependent  on  this  datum  are  stamped  with 
the  letter  "  K  "  in  addition  to  the  figures  of  elevation. 

HAVERHILL,  OHIO,   TO  GREENUP,   KY.  ;    THENCE   ALONG   EASTERN    KENTUCKY  RAILWAY 

TO    ARGILLITE. 

Feet. 
Greenup  County  building,  clerk's  office;  bronze  tablet  set  vertically  in 

stone  step  at  right  of  entrance,  stamped  "  538  I  " 540. 004 

Riverton,  1.5  miles  south  of,  railroad  bridge  150  feet  south  of  road 

crossing,  on  abutment  at  southwest  corner  of  bridge;  chisel  mark 554.70 

Argillite,  1,320  feet  south  of,  east  side  of  north  end  of  Argillite  tunnel, 

8.86  feet  higher  than  top  of  rail,  in  sandstone  ledge;  bronze  tablet 

stamped  "567  K  1900" 566.442 

GREENUP   SOUTHWARD   TO    MOUTH    OF    WHETSTONE    CREEK. 

Greenup,  2.5  miles  southwest  of,  750  feet  southwest  of  log  house,  on 
north  side  of  road,  north  of  road  center,  in  south  end  of  sandstone 
bowlder  7  by  10  by  25  feet;  bronze  tablet  stamped  "578  I" 580.081 

KENOVA    ALONG   CHESAPEAKE    AND    OHIO    RAILWAY     (BIO    SANDY    DIVISION)    TO    ROCK- 

VILLE     (BUCHANAN),    KY. 

Savage,  2.6  miles  north  of,  on  west  side  of  highway  or  crossing  40  feet 
from  center  of  track  and  10  feet  from  center  of  highway,  on  sand- 
stone ledge;  chisel  mark 552.44 

Savage,   870  feet  north  of  station,   at  southeast   corner  of  highway 

bridge,  on  bridge  seat;  chisel  mark 541.26 

Savage,  in  front  of  station ;  top  of  west  rail 547. 1 

Savage  Branch  station,  1  mile  south  of,  at  David  Lockwood's  house, 
in  foundation  on  left  side  of  front  steps;   bronze  tablet  stamped 

"  586  K  " 586. 113 

Lockwood,  in  front  of  station;  top  of  east  rail 544.3 

Kavanaugh  Church,  in  front  of  flag  station;  top  of  east  rail 581.3 
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BOUSH  rORE   NOSlBWAftl}  VIA  CAif ?eONSJ»Ja»  TCI  ASHX^AHP. 


.  B«lt8  Fr>rk,  000  fet^l  north  of  tJ08t-oS1<*t\  highway  Uridine  over  Boltn 
Fork,  Ht  iu.>utbefist  corner  brid/^e  sM£^t;  branze  tnhlDt  stumped 
"652  K" __.._.. ,.. 

Mavlty,  0,.S  uille  in.»rth  of*  at  forka  of  road  ii>5  feet  soutli  of  log^  Uouse, 

61  feet  yoiitli  of  sy^^amore,  on  tibtitment  at  Bovitheftst  corner  of  bridge; 

chisel  ninrk_. ^^^ ^ 

Cannon8biir^%  post-om*/^  huliilhjff*  f6(i!iilje«»ptt  wrner  of,  f*3  feet  from  r»ll* 

Toad  crosHlii^;  bron^ct*  tnMt*t  «tatui»fil  *"  HW  K 
Mead  alutiotu  'J. 5  mile  wmth  of,  (*ij  Afibbittd  Cwil  and  Irou  Kailwiiy* 

200  fet't  8outbwesti  of  houw  ou  west  side  of  road,  eoriier  stoue  west 

end  of  culvert;   chisel   mark 

Mead  statloa,  1  ndle  north  of.  HI  h^t  i\orth  of  small  bridge,  15  feet  east 

of  ceriter   of    road^    in    miuls^tfiTie   bowlder;    bronze    tablet    staDii>ed 

"638  K" . ^ „„_ 

Aflhland,   Cbetmtietike  and  Ohio  stntJou,  on   Ciirter  avenue,    between 

Twelfth  ajjd  Thirteenth  streets.  8i>nth  side  of  building:,  2  feet  above 

ground ;  bronze  tablet  stamped  "  riSt^  K  "' 


F«et 


-^  moAU 


isaB.m 


„, ____  556. 
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ASHX^AND  ALONfi   CHESAl^EAKK    AND  OHIO   RAILWAY    VIA   CATLmT^RUBa   TO    HAMfltkS.^ 

Ashland,  1.5  miles  east  of»  on  Chesaiieake  and  Ohio  Bail  way,  girder 
bridge  over  electric  railway,  on  top  stone  at  aouth  end  of  west  vrVag 
wall;  chisel  mark_-^ ..__ ,_, ^^^^^^, .^^^__  556, T<1 

Catlett8bll^^^  lA>iiisa  street,  lietween  P>ai3klin  and  Clay  streets,  in 
court-boMse  yjird,  at  t]nrtTi\v<>F;t  f  nniPi'  of  clpvk'n  riffirp,  1  foot  above 
water  table;  aluminum  tablet  stamped  "549  K  1900" ^ :  55a aOS 

Catlettsburg,  Big  Sandy  National  Bank  (U.  S.  Engineer's  bench  mark 

U 

"316  A"),  on  window  sill;  chisel  mark  BDM 54^690 

S 


BUCHANAN    WESTWARD   TO    MAYHEW. 

Buchanan,  in  front  of  station;  top  of  east  rail 558.3 

Buchanan,  150  feet  south  of,  overhead  railway  bridge  (B.  S.  189),  In 
top  stone  at  east  end  of  north  pier;  bronze  tablet  stamped  "554  K 
1900  "   554. 231 

Mayhew,  850  feet  west  of  post-office,  at  northeast  comer  of  bridge  over 
Bolts  Fork,  4  feet  lower  than  bridge,  on  bridge  seat ;  chisel  mark 682. 18 

BUCHANAN     SOUTHWARD     ALONG     CHESAPEAKE     AND    OHIO     BAIL  WAT      (BIG     SANDY 

DIVISION)    TO  GAI.LUP. 

Buchanan,  1.7  miles  south  of,  trestle  No.  206,  in  guard  rail  at  aoHtheast 
end;  top  of  bolt 563^08 

Fuller,  300  feet  north  of  station,  5  feet  west  of  railroad  at  east  edge  of 
highway,  30  feet  north  of  white  house,  in  sandstone  ledge;  broBBe 
tablet  stamped  "572  K  1900" 570.874 

Poters,  in  front  of  station ;  top  of  rail 573 

Louisa,  U.  S.  Engineers'  bench  mark  No.  13  Big  Sandy,  at  Lock  No.  3» 
in  engineers'  office  yard 56Qw061 

Louisa  County  court-house,  north  face,  west  side,  in  foundation ;  alnml- 
num  tablet  stamped  "584  K  1900" 582.419 
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Feet. 
Gallup,  at  G.  C.  McClure's  house,  in  stone  step  to  house;  bronze  tablet 

stamped    "591    K    1900" 589. 37C 

Gallup,  0.6  mile  west  of,  U.  S.  Engineers'  bench  mark  No.  5  Big  Sandy, 

50  feet  south  of  west  end  of  trestle  No.  403 590. 289 

GALLUP    WESTWARD    TO    PROSPERITY. 

Adams,  2  miles  south  of  post-office,  at  M.  R.  Hayes's  residence,  in  south- 
west corner  of  foundation ;  bronze  tablet  stamped  "  667  K  1900  "__  666. 591 

IRAD  NORTHWARD  5  MILES,  THENCE  SOUTHEASTWARD  VIA  YATE8VILLE  TO  LOUISA. 

Yatesville,  3  miles  northwest  of,  in  field  on  south  side  of  and  45  feet 
from  center  of  road,  135  feet  from  southwest  comer  of  Green  Valley 
schoolhouse,  in  north  side  of  large  sand  rock ;  bronze  tablet  stamped 
"598  K  1900" 596.  85<» 

MAYHEW    WESTWARD    TO    DENTON,    THENCE    NORTHEASTWARD    ALONG    ASHLAND    COAL 
AND  IRON  RAILWAY  TO  PRINCESS,  THENCE  EASTWARD  TO  CANNONSBURG. 

Denton,  4.5  miles  east  of,  on  top  of  hill  60  feet  north  of  road,  at  old 
road  going  north,  old  abandoned  frame  house,  on  foundation  at 
southeast  comer;  chisel  square 905.39 

Denton,  Chesapeake  and  Ohio  Railway  station,  200  feet  northeast  of,  16 
feet  east  of  center  of  main  track,  in  top  stone;  chisel  mark 669.84 

Denton,  1.5  miles  east  of,  200  feet  north  of  road  crossing  at  southwest 
end  of  Means  tunnel  on  Ashland  Coal  and  Iron  Railway,  15  feet 
west  of  highway,  in  sandstone  ledge ;  bronze  tablet  stamped  "  787 
K  1900  " 787.  794 

Grant  station,  at  southwest  corner  of  girder  bridge  No.  11,  30  feet  west 
of  switch  stand  near  station,  on  bridge  seat;  chisel  mark 685.92 

Geigersville,  800  feet  north  of  Rush  post-office,  600  feet  south  of  coal 
dump,  330  feet  south  of  road  crossing,  at  southwest  corner  of  rail- 
road bridge  No.  10,  in  bridge  seat;  bronze  tablet  stamped  "639  K 
1900  " 639.  442 

Coalton  station,  west  of  tool  house  near,  at  northeast  corner  of  railroad 
bridge  No.  6,  in  bridge  seat;  chisel  mark 615.03 

ARGILLITE  SOUTHEASTWARD  VIA   NAPLES  TO  PRINCESS. 

Naples,  1,300  feet  north  of  post-office,  at  southwest  corner  of  overhead 
highway  bridge  across  East  Fork  on  or  near  Boyd-Greenup  county 
line,  in  bridge  seat;  bronze  tablet  stamped  "571  K  1900" 570.839 

Princess,  3.25  miles  northwest  of,  at  northeast  comer  of  highway  bridge 
over  Williams  Creek,  east  of  log  house,  on  abutment;  chisel  mark 571.67 

ASGILLITE    SOUTHWESTWARD    VIA    OLDTOWN     AND    EUCLID,    THENCE    NORTHWARD    TO 
HEAD   OF   CLAYLICK   CREEK     ( SINGLE-SPUR  LINE.) 

Oldtown,  Mrs.  Womack's  house,  350  feet  north  of  Oldtown  Crook  bridge, 
on  west  side  of  road,  in  foundation  stone  on  oast  side  of  house,  6 
feet  from  southeast  corner;  bronze  tablet  stami)ed  "  558  K  IIKX) " 5J^>(>.  S43 

Claylick  Creek,  head  of,  on  ridge  where  road  turns  to  right  to  go  down 
creek,  near  site  of  former  schooUiouso,  on  north  side  of  road  between 
J.  H.  Hally's  and  W.  J.  Rally's,  in  ledge;  bronze  tablet  stamped 
"967  K  1900" —  956.345 
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OLDTOWN    SOUTHWABD    TO    HOPEWELL,    THENCE    SOUTHWABD    ALONG    EASTEBN    KEN- 
TUCKY RAILWAY  TO  QBAYSON. 

Feet. 

Grayson,  0.4  mile  west  of  railroad,  at  southeast  comer  of  foundation 
of  court-house;  aluminum  tablet  stamped  "686  K  1900" C84.996 

GBAYSON  EASTWARD  VIA   SENEY  TO  KILGORE. 

Grayson,  5.6  miles  east  of,  on  north  side  of  road,  15  feet  from  center. 

near  top  of  Crib  Hill,  in  sandstone  ledge;  bronze  tablet   stamped 

*'834  K  1900" 832.874 

Kilgore,  1.3  miles  west  of,  in  road  between  W.  C.  Hargio's  residence 

and  the  old  store  of  Norton  Iron  Works,  on  sandstone  bowlder; 

chisel  mark 661. 34 

GRAYSON   SOUTHWARD  ALONG  EASTERN   KENTUCKY  RAILWAY  TO   WUXARD. 

Grayson,  0.5  mile  south  of,  at  southeast  corner  of  railroad  bridge  over 
Little  Sandy  River,  on  abutment;  chisel  mark 588.69 

E.  K.  Junction,  0.5  mile  east  of,  at  southwest  comer  of  Chesapeake 
and  Ohio  Railway  bridge  No.  S442,  on  bridge  seat;  chisel  mark 604.03 

Willard,  3  miles  north  of,  6  feet  from  southwest  comer  of  railroad 
bridge  No.  9,  on  abutment ;  chisel  mark 613. 60 

Willard,  1,400  feet  east  of  station,  at  northeast  corner  of  railroad 
bridge  No.  15  over  Dry  Fork,  in  bridge  seat;  bronze  tablet  stamped 
**625  K  1900" 624.462 

WILLARD     SOUTHEASTWARD     ALONG     EASTERN     KENTUCKY     RAILWAY     TO     WEBBVILLE, 
THENCE  SOUTHWARD  ALONG  PUBLIC  ROAD  VIA   IRONTON  HILL  TO   BLAINEL 

Wel)l)villo.  n.S  miles  south  of,  south  of  small  house  near  south  forks  of 
road,  on  west  side,  'M)  feet  from  center,  in  sandstone  ledge;  bronze 
tablet  stamped  "9ir»  K  11M)0" 914.926 

Cherokee.  o.r»  mile  north  (»f  month  of  Cherokee  Creek,  east  of  road, 
south  of  small  house,  in  sandstone  ledge;  bronze  tablet  stamped 
*'(;4(>  K   IIKX)" 645.  5S7 

iiLAINE     WESTWARD     ALONG     lU.AINE    CREEK     TO     MARTHA,     THENCE     NORTHWARD    VIA 

SARAH    TO    WnXARD. 

i*laiiie,  ().:^>  mile  west  of.  at  northwest  corner  of  highway  bridge  over 

P»laine  Creek,  on  hridire  seat;  chisel  mark 655.94 

Martha,  O.I  mile  north  of,  on  east  side  (»f  r(»ad,  25  feet  higher  than 
road.  .*ir>  f«H»t  north  of  oak  tree  on  same  side  of  road,  in  sjindstono 
led-e:  bronze  tablet  stanipe*!  "  TM\  K  1!MM)" 7:^5.  ."4 

I'Melden.  2  miles  east  of.  at  l*(Minington's  store,  mouth  of  Hurricane 
CrtH'k,  W.  L.  Pennin^rton's  house  on  sonth  side  of  rojul,  in  foundation 
un<ler  northeast  corner:  bronze  tablet   slami)ed  "(JUS  K  1900" 696.021 

Willard.  5  mil(\s  sout invest  of,  on  west  bank  of  Little  Fork,  0.5  mile 
north  of  Levi  Pennington's,  in  sandstone  ledge  between  public  road 
uud  creek;  bronze  tablet  stami)ed  *' t;r»()  K  1900" 649,  ?2o 

RLAINE   CREEK    NORTHEASTWARD    VIA    PROSPERITY   TO   IRAD. 

Irad,  2  miles  west  of,  0.2r>  mile  east  of  log  schoolhouse,  on  north  bank 
of  Hlaiue  Creek,  sonth  side  and  5  feet  from  center  of  road,  west  of 
house  near,  in  large  sand  rock  ;  bronze  tablet  stamped  **  630  K  1900  "«  629. 7Si 
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GEOLOGY  OF  THE  RANGELY  OIL  DISTRICT,  RIO  BLANCO 
COUNTY,  COLORADO,  AVITH  A  SECTION  ON  THE 
WATER  SUPPLY. 


By  HoYT  S.  Gale. 


INTROBTJCTION. 

LOCATION  OF  THE  FIELD. 


The  Rangely  oil  field  is  situated  in  Raven  Park,  in  the  extreme 
northwestern  pail  of  Rio  Blanco  County,  Colo.    It  lies  a  short  dis- 


Fio.  1. — Index  map  showlnc:  location  of  KanRely  oil  district. 

tance  north  of  the  Colorado  base  line,  which  is  approximately  the 
fortieth  parallel,  and  10  to  15  miles  east  of  the  Colorado-Utah  line. 
(See  fig.  1.)     The  field  occupies  a  basin  which  is  a  broadened  portion 


GEOLOGY    OF    KANGELY   OIL   DISTRICT,   COLORADO, 

of  the  lower  Wliite  River  valley*  It  is  included  within  the  block 
of  townsihip^s  1,  2,  and  ;i  north  of  the  base  line  in  ranges  101,  102, 
suid  103  Avest  of  the  sixth  principal  meridian.  Rangely  post-oHitv, 
fruni  which  the  oil  fiehl  takes  its  name,  is  the  center  of  the  scattering 
settlement  along  the  immt*diiite  valley  of  the  nver,  which  skirts 
the  southern  margin  of  the  basin*  The  post-office  is  alxmt  33  miles 
from  Dragon,  Utah,  the  prest^nt  terminus  of  the  Uintah  Railway* 
The  trip  from  Dragon  to  Rangely  can  be  readily  accomplished  in  ii 
sin^L'  ihiy,  but  mtist  now  (summer,  UK)T)  be  made  by  private  con- 
vt^yance.  as  no  rcgidar  means  of  transportation  is  provided.  Stage 
and  principal  mail  connections  from  Rangely  are  by  way  of  Meeker, 
I  he  county  scat  of  Rio  Blanco  County,  which  is  CO  miles  tlistant  by 
rond  up  tlie  White  River  valley,  A  stage  runs  fi-om  Jleeker  to  Rifle, 
a  station  on  the  Denver  and  Rio  Granrle  Railroad,  about  45  miles 
failher  on.  The  whole  trip  from  Rangely  to  the  niilroad  by  way  of 
Meeker  occupies  about  two  arjd  one-half  days?  of  actual  travel,  not 
including  probable  delays  incident  to  the  stage  connectiona, 

SCOPE  OF  THE  PRESENT  REPORT. 

Present  interest  in  the  Rangely  district  centei-s  mainly  in  its  pros- 
pective development  as  an  oil  field.  The  intelligent  study  and  ex- 
jdoitation  of  its  oil  resources  must  of  necessity  be  based  primarily  on 
a  knowledgi^  of  its  geologic  structure  and  ro<^k  formations.  The  licdd 
has  already  been  described  in  the  reports  of  the  early  geologic  explora- 
tion of  this  general  territory.  The  keen  observation  and  admirable 
descriptions  of  C.  A.  White,  who  as  geologist  of  the  Hayden  Survey 
studied  this  district  in  the  early  seventies,  have  appealed  strongly  to 
the  popular  understanding  and  have  gained  ready  acceptance  as  a 
basis  for  the  interpretation  of  many  later  problems  of  the  field. 

The  present  report  is  intended  as  a  review  of  the  geology  of  the 
field  in  greater  detail  than  was  possible  in  the  early  exploration  and 
reports.  It  is  also  the  purpose  herein  to  discuss  the  conclusions 
reached  in  that  earlier  work  and  to  correct  some  misinterpretations 
which  are  now  w^idespread  and  probably  originated  there.  The  exten- 
sion of  detailed  geologic  study  in  Cretaceous  and  Tertiary  strata  of 
the  Rocky  Mountain  and  Plateau  provinces  in  the  last  few  years  by 
various  field  parties  of  the  Geological  Survey  has  made  available 
much  additional  evidence  bearing  on  the  general  problems  of  the 
geologic  history  of  these  regions. 

The  maps  (Pis.  I,  II,  in  pocket)  are  new  and  more  accurate  and 
detailed  than  any  hitherto  available.  The  structure  sections  (PI.  Ill, 
p. 34), though  necessarily  based  largely  on  theoretical  assumptions,  are 
nevertheless  carefully  worked  out  from  all  the  evidence  available  and 
are  thought  to  be  good  representations  of  the  relative  thicknesses  and 
structure  of  the  stratigraphic  formations  that  underlie  this  district. 
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It  is  hoped  that  the  description  and  discussion  given  herein  may  prove 
to  be  of  practical  value  in  the  economic  development  of  the  field.  It 
is  beyond  the  scope  of  this  paper  to  make  any  specific  predictions  as 
to  sites  or  possible  productiveness  of  wells.  The  chief  purpose,  as 
suggested  by  the  title  of  the  paper,  is  to  present  a  study  and  discussion 
of  the  geology  of  the  district  in  which  the  oil  has  been  found. 

FIELD  WORK. 

The  field  work  which  forms  the  basis  of  this  report  occupied  a 
period  of  about  one  month  in  August,  1907.  The  primary  object  of 
the  work  in  this  region  was  an  investigation  of  the  coal  fields  in  this 
part  of  the  State,  for  the  purpose  of  determining  their  probable  ex- 
tent and  value  and  of  making  a  classification  of  the  public  lands. 
The  topographic  and  geologic  mapping  is  the  work  of  John  Allen 
Davis,  Charles  W.  Stoops,  and  the  writer. 

TOPOGRAPHIC  MAP. 

The  topographic  map  (PL  I)  which  accompanies  this  report  and 
serves  as  a  base  for  the  geologic  mapping  is  a  part  of  a  larger  map 
now  (December,  1907)  in  course  of  preparation,  intended  for  publica- 
tion in  a  report  on  the  coal  fields  of  this  general  region.  The  amount 
and  character  of  the  surface  relief  of  the  region  are  represented  by 
contours,  or  lines  of  equal  elevation,  spaced  at  vertical  intervals  of 
100  feet.  These  were  drawn  in  the  field  and  to  a  large  extent  the 
sketching  was  done  from  the  land-survey  lines  and  corners.  All  the 
section  corners  that  were  found  are  shown  by  a  symbol  on  the  map, 
so  that  some  estimate  may  be  made  of  the  relative  accuracy  of  the 
sketching  and  locations  by  noting  the  corners  and  lines  from  which 
the  information  was  obtained.  In  addition  to  the  sketching  and  re- 
tracing of  section  lines,  a  number  of  the  main  roads  of  tlie  district 
were  traversed  with  plane  table,  this  work  being  tied  to  land-survey 
corners,  with  intersections  and  angles  of  elevation  recorded  to  promi- 
nent points  for  control. 

The  recently  completed  resurveys  of  the  land  subdivision  lines  were 
found  to  be  in  most  satisfactory  condition,  so  far  as  they  could  be 
checked  by  the  methods  employed  during  the  present  work.  Most  of 
the  corners  along  the  lines  traversed  were  readily  found  and  fairly 
well  marked.  It  is  to  be  regretted,  how^ever,  that  some  of  the  monu- 
ments or  comer  stakes  and  markings  are  not  of  a  more  durable  char- 
acter and  in  a  more  permanent  form.  The  well-established  lines  of 
this  new  land  survey  formed  an  excellent  base  for  the  horizontal  con- 
trol of  the  map  here  presented.  These  lines  have  been  plotted  accord- 
ing to  the  standard  polyconic  projection,  with  due  allowance  for  con- 
vergence and  curvature  for  the  scale  adopted  at  the  given  latitude. 


rThe  Colomdo  base  line  is  approximately  the  fortbth  piimlkl    The 
latest  survey  of  this  hum  line  h  a  roestabliHhnieiii  of  the  olden*  mv- 

veyed  line,  replacing  the  old  eorneiti  by  the  present  onei^,  which  are 
set  at  1-intle  Interval  according  to  the  last  and  pi*esnmably  rjiiitst 
correct  nieasyremcnts, 

Elevations  shown  on  the  map  are  based  nn  and  corrected  to  two 
lines  of  railroad  surveys  and  levels,  whieli  traverse  the  Rangely  dis- 
trict from  east  to  west,  one  extending  down  White  River  and  tlie 
other  crossing  by  way  of  the  longitudinal  valley  at  the  soutliern  foot 
of  niue  Monntain."  In  order  to  reeord  these  data  the  alignments 
are  shown  on  the  map,  together  with  the  elevations  given  at  various 
points  along  thenj.  With  future  and  more  earefidly  adjusted  work 
it  will  doubtless  Lie  found  necessary  to  apply  some  minor  corrections 
to  the  elevations  that  are  given  here,  but  in  \h\v  of  the  somewhat 
incom[jlete  connections  with  any  well-estal dished  datum  that  ai-e  now 
obtainable  nu  atteaii>t  luis  l>een  Tuade  to  revise  the  figures  of  the  origi- 
nal survey.  The  following  checks  ai-e  olitaijied  at  the  points  named, 
which  are  indepeiulent  and  situated  at  either  end  of  the  line  used: 

Elvvutiom  at  Nt^wi^sile,  Colo.,  and  Urevn  River,  Vtah. 


Midland  RalJ' 
war  alirVt^F 
vfa  WhilB 

Beaver  aud 

Rio  Grande 

Railmud 

Iflvelii.* 

NortiiwMt- 
vm  and  Pn^ 

RitUway  siir- 

rwted  to 
Denver, 

Newett!»Ue^ ...           

Pitt, 

5.562 

J'Ml. 

Oj"ft>ri  Riviir,  UtiiJi,  imiutlh  nt  Ashley  Crwk, 

M.n5 

^T3 

"Gannett,  Henry,  Dictionary  of  altitudes  in  United  States,  4th  ed.:  Bull.  U.  S.  Gwl.  Siinev. 
No.  274.  1906. 
"  Approximate. 

The  sketching  of  topography  throughout  the  rest  of  the  field  is 
hased  on  elevations  determined  hy  aneroid  barometers. 

GEXERAX.  DESCRIPTION, 

LOCALITY  NAMES  AND  SETTLEMENT. 

The  Rangely  Basin  Avas  first  called  Raven  Park  by  C.  A.  White, 
Avho  as  geologist  of  the  Hayden  Survey  visited  the  region  in  1875. 
As  a  topographic  basin  it  presents  a  curious  contrast  to  the  surround- 
ing broken  and  more  rugged  country.    The  district  as  an  oil  field  is 


"  Routes  were  surveyed  through  the  Raven  Park  district  in  December,  1886,  and 
January,  1887,  also  in  July,  1887,  by  the  Colorado  Midland  Railway,  to  whose  eonrtesj- 
the  writer  is  indebted  for  the  use  of  the  survey  notes.  Acknowledgment  Is  also  due  to 
Mr.  F.  F.  Mallon.  of  Colorado  City,  Colo.,  for  his  kindness  and  assistance  in  looking  up 
these  old  records. 
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now  more  generally  known  as  the  Rangely  Basin,  from  the  post- 
office  located  there.  White  defines  the  term  "  park  "  in  the  intro- 
duction to  his  report,^  and  according  to  that  definition  his  use  of  the 
term  to  describe  the  White  River  valley  at  Rangely  is  correct.  Ac- 
cording to  popular  usage  in  the  Rocky  Mountain  region,  however, 
the  term  perhaps  implies  somewhat  of  the  picturesque  quality*  a 
park  being  an  open  glade  or  valley  surrounded  or  partly  inclosed 
by  timbered  hills.  With  such  a  meaning  the  term  would  hardly  be 
appropriately  applied  to  the  Rangely  Basin.  This  basin  is  in  truth 
a  desolate  waste  of  dry  washes  and  almost  barren  clay  ridges,  except 
only  the  immediate  valley  bottoms  of  ^Miite  River.  There  is  prob- 
ably but  little  change  since  the  time  of  the  Hayden  Survey,  beyond 
the  establishment  of  scattering  ranches  along  the  river  flats.  A  few 
wagon  trails  and  Avood  and  coal  roads  lead  out  over  the  ridges  or 
among  the  well-drillers'  camps  and  these,  with  an  idle  derrick  or  two 
and  well-drillers'  cabins,  are  the  only  present  signs  of  habitation. 

OUTLINE  OF  THE  BASIN. 

The  Rangely  Basin  is  irregularly  oval  in  outline,  its  longer  diameter 
extending  from  northeast  to  southwest  with  a  total  length  of  about 
15  miles.  The  low  valley  portion,  or  Raven  Park,  has  an  approximate 
width  of  about  5  miles.  The  valley  itself  is  bordered  by  an  escarp- 
ment rim,  averaging  about  500  feet  in  height,  which  presents  a  steep 
scarp  or  cliff  facing  inward  toward  the  basin  center.  This  innermost 
escarpment  edge  is  locally  known  as  the  "  rim  rock  "  and  is  easily 
recognized  as  the  upper  limit  or  cap  rock  of  the  oil-bearing  shale, 
from  which  the  park  has  been  eroded.  Beyond  the  "  rim  rock  "  the 
ridges  dip  away  in  more  gradual  slopes,  rising  in  successive  steps 
upon  cliffs  of  the  higher  sandstone  strata.  Higher  steej)  escarpment 
bluffs  above  and  beyond  the  "  rim  rock  "  face  inward  in  concentric 
arrangement  rudely  parallel  to  the  margin  of  the  park.  Sharp  rocky 
canyons  intersect  the  surrounding  ridges,  draining  into  the  central 

valley. 

DRAINAGE. 

White  River  enters  the  park  through  a  canyon  at  its  southeast  ex- 
tremity, flows  along  the  southern  margin,  and  leaves  again  by  another 
canyon.  Below  the  park  the  river  flows  continuously  in  a  deepening 
canyon  for  the  remainder  of  its  course  in  Colorado.  Raven  Park  thus 
lies  for  the  most  part  north  of  the  river  valley.  Besides  the  river 
itself  one  perennial  stream  enters  the  park  from  the  south.  This  is 
Douglas  Creek,  which  drains  an  extensive  area  south  of  White  River. 
Its  headwaters  reach  back  to  the  divide  between  White  and  Grand 
rivers  along  the  summit  of  the  Roan  or  Book  Cliffs  Plateau.    North  of 

•  R«»port  on  g«)logy  of  a  portion  of  northwostorn  (^'olorado  :  Tenth  Ann.  Rept.  U.  S.  Geol. 
and  Geog.  Sunr.-  Terr.,  1878,  pp.  9. 
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White  River  the  principal  drainage  is  a  wet-weather  stream  known 
ai<  Stinkinir  Crt'ek,  originally  nametl  Unga'ti>o-n>o>^li  on  the  HaydeT) 
map^.  This,  like  mo^t  of  the  other  drainage  channels  of  the  region, 
is  dry  most  of  the  summer  except  innned lately  after  heavy  Hliowers^ 
when  it  runs  fnll  with  thick  muddy  water  for  a  few  hours  only.  All 
these  waters  are  heavily  charged  with  alkaline  salts, 

SURFACE  AND  VEGETATION. 

The  dry,  hard  soil  supports  but  little  vegetation*  The  clay  ridges 
on?  }^[>ars<*ly  covered  with  the  interminable  sage,  gTeasewo*«i,  and 
prickly  pear.  Along  the  immediate  channels  of  the  dry  wnshes  the 
^^aine  ^hnibs  are  found  in  thicker  growth.  The  ground  absorl^  but 
little  water  even  after  the  occasional  1  floods  of  the  summ<*r  stonns. 
In  heavy  showers  the  water  barely  wets  the  toji  of  the  ground,  run- 
ning ntf  rapidly  and  leaving  the  surface  to  harden  again  and  crack 
in  the  dry  air.  Lack  of  water  e^upidy,  al>sence  of  feed  for  cattle  or 
hoi>HiS,  and  the  general  destitute  character  of  the  region  as  a  w^hole 
had  caused  but  little  vahie  to  he  attached  to  the  land  until  the 
existence  of  oil  was  discovered  seven  or  eight  years  ago. 
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GENERAL  SUMMARY, 


J 


The  rocks  exposed  in  the  vicinity  of  tht*  Rangely  field  represent 
a  large  interval  in  the  geologic  time  scale.  On  the  great  axes  of  uplift 
that  form  a  part  of  the  Uinta  Mountain  system  north  and  northwest 
of  Raven  Park  erosion  has  exposed  the  oldest  rocks  that  occur  in  the 
region.  On  the  southern  flanks  of  Blue  Mountain  rocks  as  low  as 
Carboniferous  are  brought  to  view,  and  from  Blue  Mountain  south- 
ward a  thickness  of  more  than  7,500  feet  of  tilted  Mesozoic  strata  is 
exposed  in  detail.  These  beds  overlie  the  incompletely  exposed  section 
of  Paleozoic  rocks  and  in  turn  are  covered  by  a  similar  thickness  of 
Tertiary  strata  toward  the  south.  The  following  list  of  formations 
and  periods  is  given  to  outline  the  groups  into  which  these  strata  are 
subdivided  for  purposes  of  description : 

Summary  of  formations  exposed  in  the  Rangely  district  as  represented  on  the 
geologic  map  {PI.  11,  in  pocket). 


Period. 

Formation. 

Derivation  of  the  formation  names. 

Tertiary              -    - 

\Green  River __. 

1  Wasatch    .              _              > 

jKIng,  Powell,  and  Hayden  reports. 

(Unconformity.) 
1  Mesaverde  formation 

Joross,  southwestern  Colorado  reports. 
Meek  and  Hayden  and  others. 

/Powell,  Geology  of  Uinta  Mountains. 

Cretaceous 

{Mancos  slialc 

Dakota  sandstone _. 

"  Flaming  Gorge  " 

Jurassic 

r  White  Cliff  " _ 

A  discussion  of  the  occurrence  of  the  Rangely  oil  is  directly  con- 
cerned only  with  the  Cretaceous  formations  of  the  preceding  table. 
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For  this  reason  the  descriptions  here  given  are  largely  confined  to 
these  formations  and  include  only  brief  mention  of  such  strata  above 
and  below  as  naturally  fall  within  the  field  included  by  the  geologic 
map.  It  is  the  intention  of  the  author  to  present  a  fuller  discussion 
of  the  more  complete  stratigraphic  section  in  a  later  paper.* 

PRE-CRETACEOUS   ROCKS. 

Immediately  below  the  Dakota  sandstone  is  a  mass  of  variegated 
badland-forming  shale  and  clay,  including  some  harder  beds  of 
limestone  and  sandstone,  together  with  a  peculiar  dark  cherty, 
siliceous  conglomerate  almost  exactly  like  that  commonly  found 
with  the  Dakota  formation  above.  The  shale  or  marl  is  prevailingly 
of  greenish  and  pinkish  shades,  with  some  beds  that  weather  yellow. 
The  lower  100  to  150  feet  of  this  formation  is  composed  of  darker- 
colored  beds,  fine  greenish  sandstone  and  calcareous  rock.  Limestone 
layers  composed  largely  of  shells  are  present  near  the  base,  although 
the  general  character  of  the  beds  seems  to  indicate  much  limy  or 
marly  material  throughout.  These  beds  have  an  approximate  thick- 
ness of  800  feet,  as  measured  near  the  base  of  Blue  Mountain.  They 
are  well  represented  in  the  excellent  exposures  on  the  steep  northern 
slopes  of  the  Dakota  hogback  in  that  locality,  the  more  resistant  sand- 
stones of  the  Dakota  formation  capping  and  preserving  from  erosion " 
the  upper  members  of  these  weaker  beds.  The  lower  beds  almost 
invariably  form  valleys,  and  as  they  are  usually  tilted  at  considerable 
angles,  their  outcrop  is  a  relatively  narrow  strip  between  inclosing 
ridges.  The  lower  strata  of  these  variegated  beds  are  of  marine 
origin,  as  shown  by  the  fossils  they  contain;  the  upper  part,  by 
analogy  with  other  and  better-known  sections,  is  supposed  to  be  com- 
posed largely  of  fresh-water  deposits. 

The  variegated  and  shaly  beds  are  limited  at  the  base  by  a  second 
group  of  sandstones  which,  like  the  Dakota,  usually  forms  a  steep 
rocky  ridge.  This  group  is  more  completely  composed  of  sandstone 
than  the  Dakota,  and  is  even  more  conspicuous  as  a  ridge  maker.  It 
is  usually  very  white  and  massive  and  cross-bedded  to  an  extreme 
degree. 

The  variegated  beds  are  of  Jurassic  age  and  probably  correspond  in 
their  upper  or  supposedly  fresh-water  part  to  the  Morrison  formation 
east  of  the  Rocky  Mountains.  They  have  also  been  variously  named 
"  Flaming  Gorge,"  McElmo,  and  in  part  Gunnison  in  the  Uinta 
Mountain  and  western  Rocky  Mountain  regions.  The  relations  of 
these  formations  are  indicated  in  the  correlation  table  on  page  27. 
The  cross-bedded  white  sandstone  is  also  of  Jurassic  age,  as  is  shown 
by  fossils  obtained  from  this  field.    It  is  with  little  doubt  the  equiva- 

•  Coal  fields  of  northwestern  Colorado  and  northeastern  Utah :  Bull.  U.  S.  Geol.  Survey 
(in  preparation). 
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lent  of  the  *'  White  Cliff  "  saudi^tone  mapped  by  Powell  on  the  iiortli 
side  of  tlie  Uintit  Mount ii ins,  and  also  ??eenis  to  }>e  witli  almrj^t  equal 
reHainty  equivalent  to  the  La  Plata  sandstone'*  of  the  SDiilhwt^stern 
("oluruio  sections.  The  following  fossils  were  collectt^d  from  tlms*^ 
fonimtions  during  the  last  season,  and  are  considered  ti>  prove  con- 
rliisively  the  Jurassic  a^^e  of  the  1>eds  in  wiiieh  they  were  found,  AH 
I  jtr(*  of  marine  types,  beifig  from  the  basal  jiortion  of  tlu^  variegated 

I  beds  and  fi*om  the  uppt*r  half  of  the  cross-bedded  white  nand^stone. 

LI: 


FosifilA  t^llevled  from  thr  Junntniv  rwk^  north  of  litivm  Pork\^ 
Varlepited  betia: 
Oytrea  n\x 

OetreA  strlglhx'uia  Wliite. 
Euujlcrotta  curta  (Hall), 
Tiineralia  (7)  iaoniata  WUirfleUl. 
Astarte  sp, 
BeleiHiUtes!  ciea^uw  M.  and  U. 

Trigonlfl  tiiiattnuigiilaris  M.  juid  M. 
Taiiore*lki  hii. 

The  principal  econonilc  intere^nf  that  has  as  yet  lieen  attached  to 
these  hi*(is  is  due  to  tht^  oeeurrtmt^  of  deposits  of  ove^  of  tirrininrn  tmd 
vanndium  in  (he  massive  eross-beildetl  sandstone,  Thf»f?e  clcpr^its 
Inive  bK'M  elsmvlitM'c  (leserihech'^  A  sinirlr  (»hsrrvf'd  ordn  icth  r  nf  a_ 
bed  of  hard  black  carbonaceous  material  which  is  probably  an  im- 
pure coal  has  been  found  in  Red  Wash  Creek  where  its  channel  cuts 
the  ledges  of  cross-bedded  Jurassic  sandstone,  the  bed  outcropping 
among  the  upper  members  of  that  formation.  The  coal  is  2  to  3 
inches  thick  and  only  slightly  weathered,  occurring  at  water  level  in 
the  rather  badly  disintegrated  sandstone.  Although  very  pooriy 
exposed,  it  is  apparently  interstratified  with  the  sandstone  itself. 
The  analysis  of  this  material  has  given  the  following  results :  ^ 

Contains  less  than  1  per  cent  of  matter  soluble  in  carbon  disulpl^id  and  does 
not  soften  in  tianie;  therefore  is  not  gilsonite  or  relateci  hydrocarbon.  As  a 
coal  it  has  ajiproxiuiately  the  following  composition:* 

Analysis  of  coal  from  Red  Wash  Creek, 

Moisture  . 10.5 

Volatile  matter 42.*.) 

Fixed   carbon 42.0 

Ash 4.6 


100.0 


«  Cross,  Whitman,  Stratlgraphic  results  of  a  reconnaissance  In  western  Colorado  and 
Utah:  Jour.  Geology,  vol.   15,  1907,  p.  642. 

*  Determinations  by  Dr.  T.  W.  Stanton ;  collections  now  In  United  States  National 
Museum. 

<^  Contributions  to  Economic  Geology,  1907  :  Bull,  U.  S.  Geol.  Survey  No.  340,  1908, 
pp.  257-262. 

«*  Analysis  No.  2262  by  E.  C.  Sullivan,  in  the  chemical  laboratory  of  the  United  States 
Geol.  Survey. 
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DAKOTA   SANDSTONE. 

The  Dakota  sandstone  does  not  come  to  the  surface  iii  Ravt^n  Park, 
but  is  well  exposed  in  the  foothill  ridges  at  the  southern  edge  of  Blue 
Mountain,  a  few  miles  farther  north.  This  formation  lies  at  the  base 
of  the  oil-bearing  shale  and  has  been  supposed  by  many  interested 
in  the  development  of  this  field  to  offer  highly  favorable  conditions 
for  the  storage  of  large  bodies  of  oil.  It  has  thus  been  the  objective 
point  for  most  of  the  deeper  w^ells  drilled  in  this  field. 

The  remarkable  persistence  of  its  lithologic  character  and  its  con- 
timiity  of  exposure  over  such  extensive  areas  have  led  to  th^  ac- 
ceptance of  the  Dakota  sandstone  as  a  key  rock  for  the  correlation 
of  widely  distributed  stratigraphic  sections  of  the  Mesozoic  rocks, 
both  above  and  below  that  horizon.  Few  fossils  have  been  obtained 
from  it  in  the  territory  adjacent  to  the  Rangely  field,  and  its  recog- 
nition there  is  based  on  tracing  from  other  fields,  on  its  position  im- 
mediately below  the  abundantly  fossiliferous  lower  Mancos  (Benton) 
shale,  and  on  the  lithologic  constitution  of  its  beds,  which  correspond 
to  those  widely  accepted  as  characteristic  of  the  Dakota. 

Although  the  details  of  the  formation  exposed  at  the  southern  foot 

of  Blue  Mountain  can  hardly  be  expected  to  coiTespond  precisely  to 

those  of  the  formation  as  it  lies  underneath  the  Rangely  field,  a 

description  of  the  Blue  Mountain  section  contains  the  best  available 

estimate  of  the  character  and  thickness  of  these  l>eds  than  can  now  be 

had.     The  following  measurements  were  made  of  the  tilted  strata 

exposed  near  the  headwaters  of  Willow^  Creek,  one  of  the  principal 

tributaries  of  Stinking  Creek,  in  the  NW.  i  SE.  i  sec.  12,  T.  3  N.,  R. 

103  W. 

Section  of  Dakota  sandstone  at   Willow  Creek. 

Feet. 

1.  Sandstone,   weathered   brown    (overlain   l>.v   dark-grny   and 

black  slaty  shale,  snpposed  to  represent  the  base  of  the 
Mancos    [Benton]) 10 

2.  Shale  with  beds  of  white  clay  and  a   hard   silictH)us  con- 

glonierate;  shale  very  black  and  slaty  near  its  base 110 

3.  Sandstone,    white,    cross-bedded,    containing?    conj^lomerate 

layers 40 

4.  Interval,     probably     shale,     covere<l     by     Siindstone     slide- 

rock    ISO 

5.  Sandstone 3 

G.  Shale,   variejrateil  In   colors  of  pink  and  preen,  contahiing 

also  one  or  more  beds  of  dense  reddish-pnrple  limestone 05 

7.  (Conglomerate,  of  coarse,  perfectly  ronndeil  pebbles  in  a 
scant  sandy  matrix;  pebbles  largely  of  chert  and 
siliceous  material 45 

4S:5 
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Doctor  JStanton  has  expressed  the  opinion  that  Nos.  4  to  7  of  the 
"Willow  Creek  section  as  indicated  above  may  be  fomid  to  be  older 
than  the  Dakota.  He  says  "the  variegatc^d  shale  (No,  6)  suggests 
the  Morrison  or  possibly  the  Fnson  of  Dart  on 's  Black  Hills  section.'* 
If  this  opinion  is  correct  the  massive  coDglomerate  stratum  f^ 
naturally  included  in  the  base  of  the  Dakota  may  really  be  a  part  of 
the  underlying  Jurassic  formations  and  not  Dakota  at  alL  This  view 
is  given  only  as  a  tentative  suggestion.  ^ 

The  Dakota  outcrop  extends  westward  from  the  Willow  Creek 
locality  continuously,  with  much  uniformity  in  thti racier  and  thick-* 
ness,  to  and  beyond  tiie  Ckdmrado-Utah  l)oundary.  It  there  forms  &^ 
steep,  rocky  ridge  whose  summit  is  composed  of  the  hea\^  ImsnV 
stratum  of  coarse  ccmglomerate,  resting  immediately  u|X)n  the. 
variegated  day  of  the  imderlying  Juras^sic.  East  of  the  AYillow^ 
Creek  locality  the  coarse  basal  conglomerate  is  found  as  far  as  Rod^ 
Wash  Creek,  beyond  which  it  is  thin  or  wanting  entirely,  Near< 
Three  Springs,  about  15  miles  east  of  Willow  Creek,  the  wholol 
Dakota  formation  is  thin,  being  apparently  represented  by  an  out-! 
crop  of  two  inconspicuous  sandstone  beds,  each  not  over  10  feet  m 
thickness,  separated  by  an  interval  of  shale. 

The  only  fossils  that  were  found  in  these  beds  consist  oi  a  few  very 
indistinctly  preserved  leaves.  These  were  collected  in  a  prospect  pit 
exposing  a  black  carbonaceous  shale  included  betwem  the  massive 
white  sandstones  near  the  top  of  the  formation.  The  pit  is  situated 
in  the  SE.  i  sec.  5,  T.  3  N.,  R.  101  W.,  just  north  of  the  Yampa  River 
and  Vernal  wagon  trail  and  near  the  headwaters  of  the  west  fork  of 
Red  Wash  Gulch.  The  specimens  collected  could  not  be  identified, 
but  the  locality  may  serve  as  a  guide  in  further  search  for  better 
material. 

MANGOS   SHALE. 

The  formation  next  above  the  Dakota  is  the  Mancos  shale,  a  thick 
mass  of  homogeneous  clay  shale  with  a  few  more  sandy  layers.  It  is 
considered  here  as  a  single  imit,  although  it  has  formerly  been  sub- 
divided into  various  formations,  largely  on  paleontologic  groimds. 
The  relation  of  the  Mancos  shale  to  the  subdivisions  of  the  earlier 
explorers  is  indicated  in  the  correlation  table  on  page  27.  From 
this  it  may  be  seen  that  Mancos  includes  all  that  has  been  previously 
termed  Colorado  and  also  a  part  of  that  classed  as  Fox  Hills  by 
White,  of  the  Hayden  Survey.  It  thus  includes  also  the  Benton, 
Niobrara,  and  a  part  of  the  Pierre  formations,  according  to  a  classi- 
fication of  the  Cretaceous  section  based  on  subdivisions  originally 
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adopted  for  strata  of  the  upper  Missouri  River  and  adjoining  fields. 
In  brief,  the  Mancos  is  intended  to  include  all  of  the  predominatingly 
shaly  strata  above  the  Dakota  and  below  the  massive  sandstones  of 
the  next  succeeding  or  Mesaverde  formation. 

Raven  Park  is  eroded  on  the  Mancos  shale,  and  it  is  in  this  forma- 
tion that  the  oil  of  the  Rangely  field  has  been  found.  The  least- 
altered  exposures  of  these  beds  known  in  this  area  are  those  found 
in  the  bluffs  along  the  north  side  of  White  River.  Here  the  shale 
occurs  in  slightly  weathered  condition  and  presents  a  more  compact, 
slaty  appearance  than  is  usual  for  this  formation.  Where  fresh  and 
undisturbed  the  shale  is  dark  and  fine  grained,  and  in  part  at  least 
shows  thin  lamination  with  considerable  cross  jointing.  As  more 
conmionly  exposed  in  escarpment  bluffs  or  in  wash  banks  of  the  many 
intermittent  drainage  channels,  it  dries  to  a  lighter-gray  color,  blend- 
ing with  that  of  the  soil  into  which  it  so  readily  breaks  down.  By 
reason  of  its  nonresistant  nature  this  formation  commonly  gives  way 
to  a  heavy  clay  soil  cover  over  low,  rounded  slopes,  and  is  rarely 
exposed  in  a  fresh  condition. 

The  basal  part  of  the  Mancos  shale  may  be  naturally  and  readily 
distinguished  as  a  distinct  division  of  the  formation,  and  contains 
Benton  fossils.  The  Dakota  sandstone  is  almost  invariably  overlain 
immediately  by  200  feet  or  more  of  dense  black  slaty  shale,  which 
usually  forms  a  long,  low  valley  on  the  dip-slope  side  of  the  Dakota 
ridge.  Above  these  beds  is  a  similar  thickness  of  shaly  strata  contain- 
ing a  number  of  more  resistant  beds  of  sandstone  and  limestone,  Avhich 
usually  give  rise  to  a  distinct  line  of  minor  hogbacks  similar  to  those 
of  the  Dakota,  though  of  lesser  elevation  and  more  largely  composed 
of  shaly  strata.  The  sandy  layers  are  in  many  places  of  dark  color 
and  of  moderately  fine  and  even  grain,  and  are  as  a  rule  flaggy  or 
somewhat  thinly  bedded.  These  beds  are  commonly  fossiliferous,  and 
the  calcareous  beds  also  contain  abundant  shells.  Collections  ob- 
tained from  many  localities  assign  these  rocks  definitely  to  the  upper 
part  of  the  Benton  shale.**  The  following  is  a  list  of  identified 
species  from  the  Willow  Creek  section  described  above : 

Benton  fossils  from  Willow  Creek  at  the  southern  foot  of  Bide  Mountain, 

Ostrea  lugubris  Conrad. 
Inoceramus  fragilis  H.  and  M. 
Inoceramus  dimidius  White. 
Scaphites  warreni  M.  and  H. 
Prion ocycl us  sp. 

« I>etermiDations  by  Dr.  T.  W.  Stanton ;  collections  now  in  United  States  "National 
Museum. 
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Above  the  HiirKlHtuiit'JS  thi^  ivmuindi^r  of  tliis  ^n*al  slmi*^  foriualioii 
attains  a  thic^kuens  of  uppmximately  5.000  fei?U  or  aljout  1  mile-  Ii 
is  to  all  appoiinmce^s  «if  homogeneous  eornpositiun  Uinvii^hotit,  Imi 
the  records  of  oil  wells  driven  thmugh  it  Jisitingui.sh  hiyer^  iiesi*rilK*d 
by  some  of  the  drillei^  as  Bandy. 

The  uppem lost  pnri  of  the  MaoeoHi  t^lmle  is  perhsips  tncire  coiiiinonly 
exhibited  at  outcrops  thun  nny  other  part  of  the  fornialitnu  wiih 
the  exception  of  the  lowest  few  himtlred  feet  alrejidy  descrilM?cL  Bj 
reason  of  the  proteetion  offered  by  the  lowest  sandstone  layei*s  of  tht* 
next  succeeding  formation,  it  occupies  in  many  places  nearly  the 
whole  face  of  the  escaqmient  up  to  heights  of  CiOO  or  800  feet.  Of 
these  topmost  beds  the  lower  portion  is  normally  buried  in  tlu*  diMjri^ 
that  slides  dtvwn  from  the  ^teep  .slopes?  above.  The  sliale  here 
appears  to  be  li^liU'i-  in  color  imd  more  sandy  than  the  bas»I  I>eda 
already  described,  but  it  is  uncertain  whether  tins  is  the  result  of 
long  exposuiT  to  weather  anrl  the  corisi^juenl  drying  out  of  it8  nat- 
ural moisture,  or  to  variation  of  c^jns^titutton  in  the  upper  pai-t  of  the 
formation.  .■ 

The  soil  that  forms  upon  the  surface  of  the  Manoos  shale  is  a 
compact  clay,  very  hard  when  dry  but  becoming  a  deep  {da^ie  mud 
when  thoroughly  wet  This  soil  is  usually  hard  and  dry  during  die 
summer,  when  its  surface  becomes  deeply  cracked  and  fissured.  Bains 
of  short  duration,  such  as  frequently  occur  in  the  sunmier  season, 
scarcely  penetrate  the  soil  at  all,  except  as  they  fill  these  cracks.  Sur- 
face water  runs  off  rapidly,  cutting  abrupt  vertical-sided  channels 
or  miniature  canyons  even  to  a  depth  of  50  feet  or  more.  Thase  gid- 
lies  rapidly  extend  and  deepen  with  each  succeeding  flood,  and  in 
places  the  dissection  becomes  so  intricate  as  to  produce  a  typical  bad- 
land.  Areas  of  such  topography,  w  hich  characterizes  much  of  Raven 
Park,  are  accessible  only  with  much  difficulty,  and  then  only  by 
avoiding  the  stream  courses  as  far  as  possible  and  following  the  divid- 
ing ridges. 

The  soil  is  in  many  places  filled  or  covered  with  scattered  fragments 
of  selenite,  which  is  gypsum  in  its  clear,  crystalline  form,  and  larger 
pieces  of  this  mineral  are  strewn  about  upon  the  surface,  as  if  residual 
in  the  soil  from  the  disintegration  and  removal  of  the  original 
shale. 

The  fossils  that  have  been  found  in  the  Mancos  shale  were  obtained 
mainly  near  the  base  (see  list  of  Benton  fossils,  p.  15)  and  from  the 
upper  layers  near  the  base  of  the  next  succeeding  formation.  The 
fossils  from  these  upper  layers  aro  of  marine  types,  which  were  for- 
merly considered  as  characteristic  of  a  so-called  Fox  Hills  fauna,  and 
the  beds  w^ere  included  by  ^^^lite  in  his  formation  of  that  name.     The 
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following  is  a  list  of  species  obtained  during  the  work  of  the  last  sea- 
son from  localities  in  and  adjacent  to  Raven  Park  : 

Fossils  from  upper  part  of  Mancos  shale  in  White  River  valley.^ 


Serpula  sp. 
Ostrea  sp. 

Syncyclonema  rigida  H.  and  M. 
Avicula  nebrascana  E.  and  S. 
Inoceramus  sagensis  Owen. 
Inoceramus  cripsi  var.  barabini  Mor- 
ton. 
Mytilus  subarcuatus  M.  and  H, 
Spha;riola?  cordata  M.  and  H. 
Cardium  speciosum  M.  and  H. 
Lucina  sp. 


Legumen  sp. 

Leptosolen  sp. 

Anatina  sp. 

Gonioinya  americana  M.  and  H. 

Llopistha  nndata  M.  and  H. 

Pholadoniya  sp. 

Spironeina?  sp. 

Odontobasis  sp. 

Cinulia  sp. 

Anisomyon  sp. 

Baculites  compressus  Say. 


The  thickness  of  the  Mancos  shale  is  a  fundamental  consideration 
in  determining  the  depth  to  which  wells  must  be  sunk  in  the  Rangely 
field  in  order  to  reach  the  Dakota  sandstone.  As  a  large  part  of  the 
drilling  has  been  carried  on  with  this  specific  purpose  in  view  the 
question  of  that  thickness  has  received  much  attention  from  the  drill- 
ers. ^Vhen  prospecting  in  the  field  was  first  started,  AVhite's  esti- 
mates, given  in  the  Hayden  report,  were  accepted  apparently  without 
question.  White  gave  the  thickness  of  the  "  Colorado  "  formation 
as  2,000  feet  in  the  up[>er  White  River  valley,  near  Agency  Park,  but 
also  stated  that  it  was  much  thinner  toward  the  west,  in  the  vicinity 
of  Raven  Park.  The  first  drilling  in  the  Rangely  field,  however, 
showed  that  the  figures  given  in  that  report  were  too  small.  Various 
attempts  were  then  made  to  get  more  accurate  information  on  this 
subject,  but  most  of  them  were  not  very  successful.  For  this  reason' 
the  thickness  of  the  formation  is  fully  discussed  here,  and  the  evi- 
dence on  which  the  conclusions  are  based  is  given  in  considerable  de- 
tail. 

The  thickness  of  the  Mancos  shale  may  be  determined  from  its  up- 
turned edge  exposed  along  the  southern  foot  of  Blue  Mountain,  where 
these  beds  form  a  long,  low  valley  parallel  to  and  south  of  the  Dakota 
ridge.  Several  estimates  of  this  thickness  have  been  made  in  recent 
years  by  those  interested  in  drilling  through  the  formation  in  the 
Rangely  oil  field.  Most  of  such  estimates  have  been  made  just  east 
of  the  Willow  Creek  locality  at  which  the  detailed  section  of  the 
Dakota  formation  (p.  13)  was  obtained.  Chain  measurements  by 
Mr.  C.  F.  Carney  and  others,  of  Meeker,  are  said  to  have  shown  the 
breadth  of  the  Mancos  Valley  at  this  point  to  be  4,750  feet.  The  cen- 
tral portion  of  the  valley  is  buried  in  alluvium;  consequently  the  only 


*  Determinations   by   Dr.    T.    W.    Stanton ;    collections    now    in   United    States    National 
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dip  jneasurpnients  iivailiiblu  on  which  to  base  an  e^^timate  of  the  ti 
thickn^ssB  of  the  shale  are  IhoHe  shown  in  the  rocky  ridges  along  tt 
valley  margins  at  the  north  and  south*  These  dipt^  on  the  two  sides* 
of  the  vftllev  do  not  ncrord,  nmging  from  33^  to  about  45 "^  on  die 
north,  along  the  Dakota  ridge,  and  incroasing  to  angles  of  75*^  and 
near  vertieulity  along  the  Houthern  nuirgin.  Considerable  uncer- 
tainty runains  in  tho  (»stinjat(?s  of  stratigraphic  thicknesses  based  on 
the  data  given  above,  for  if  the  tjeds  are  nearly  vertical  across  the 
major  portion  of  the  valley,  a«  they  are  at  its  southern  margin,  their 
tliiclniess  would  Im  fn>ni  4jr*(X>  to  4,700  feet,  but  if  the  lighter  dips  at 
the  north  continue  across  the  valley  the  thickness  of  strata  repi-e 
rented  is  only  about  *i,OW  feet.  It  may  ix».  concluded  that  the  true 
thickness  is  somewhere  l^otween  these  two  limit.*?.  The  writer  h  in- 
clined to  believe,  however^  that  no  measurement  obtained  in  tins 
locality  is  reliable,  and  that  the  appaixmt  regularity  of  the  structure 
in  misleading.  As  may  be  seen  by  refci'ence  to  the  geologic  map  (PL 
II)  accompanying  this  report,  the  Dakota  hogback  bends  rather  ab- 
ruptly at  the  point  wljcre  Willow  Creek  emerges  from  it,  about  S(>0 
feet  mat  of  the  center  of  ^h\  i%  1\  S  X,,  E.  103  \V.  A  genend 
view  of  the  topogi*aphy  in  this  vicinity  clearly  reveals  also  a  cori-e- 
spoiuling  IjcikI  in  the  structurt*  of  all  the  formations  exposed.  Thu^ 
th(^  longitudinal  vaUcy  which  is  eroded  along  the  outcrop  of  the  Man- 
cos  ??hnle  immediately  south  of  and  parallel  to  Blue  llountain  bends 
abruptly  across  a  zone  which  extends  about  due  south  from  the  site 
of  the  Willow  Creek  section.  At  the  southern  margin  of  the  valley 
directly  opposite  the  Willow  Creek  section  (NE.  J  SE.  J  sec.  13,  f. 
3  N.,  E.  103  W.)  the  strata  are  irregular  and  apparently  broken  and 
this  disturbance  continues  to  the  northeast  for  at  least  a  quarter  of  a 
mile,  the  valley  narrowing  markedly  in  that  direction.  It  is  in  this 
constricted  portion  of  the  valley  that  most  of  the  measurements  of 
the  thickness  of  the  Mancos  shale  have  been  made.  The  disturbance 
in  this  area  is  thought  to  have  been  produced  by  shearing  movements 
within  the  mass  of  the  shale,  rather  than  by  clearly  defined  faults. 
The  irregular  structure  is  evidently  related  to  the  narrowing  or  par- 
tial discontinuity  of  the  Eed  Wash  syncline,  w^hich  extends  eastward, 
broadening  and  deepening  from  this  point,  as  is  explained  in  the  sec- 
tion on  structure. 

There  are  many  places  in  the  valley  south  of  Blue  Mountain  where 
it  seems  fair  to  assume  a  uniform  dip  clear  across  the  valley,  but  in 
most  of  these  localities  the  greater  part  of  each  section  is  concealed  be- 
neath the  valley  wash.  Calculations  made  from  measurements  at 
several  such  points  indicate  a  minimum  thickness  of  about  5,000  feet 
for  the  Mancos  shale. 

An  estimate  of  the  thickness  of  the  Mancos  shale  can  doubtless 
be  obtained  from  well  records,  if  the  wells  ever  reach  the  Dakota  in 
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localities  where  an  estimate  of  that  part  of  the  shale  which  has  been 
eroded  from  the  well  site  can  also  be  obtained.  The  Union  well  in 
Raven  Park,  described  on  page  42,  has  been  smik  to  a  depth  of  3,655 
feet  in  lightly  dipping  strata,  so  that  this  figure  very  closely  approxi- 
mates the  true  thickness  of  the  beds  passed  through.  About  1,200 
feet  of  strata  have  been  eroded  from  the  site  on  which  the  well  is  lo- 
cated, this  estimate  being  based  on  the  same  data  which  were  used  in 
constructing  the  cross  section  (PI.  Ill,  section  C-D)  that  passes 
through  and  includes  the  Union  well.  There  is  some  evidence  that 
the  bottom  of  this  well  is  about  300  feet  above  the  Dakota  sandstone. 
The  total  thickness  thus  obtained  is  slightly  greater  than  5,000  feet 
when  corrected  for  the  light  dip  of  the  strata,  and  this  agrees  very 
closely  with  the  estimates  made  at  the  more  favorable  localities  along 
Blue  Mountain. 

MESAVERDE  FORMATION. 

The  uppermost  and  youngest  strata  of  the  Upper  Cretaceous  sec- 
tion in  the  Rangely  district,  as  well  as  in  the  whole  of  the  Grand 
River  basin,  are  equivalent  in  age  to  the  Mesaverde  formation  as 
mapped  in  the  Yampa  coal  field.*  These  beds  succeed  and  overlie  the 
Mancos  shale,  from  which  they  are  distinguished  chiefly  by  their  gen- 
erally more  sandy  character  and  the  prominence  of  the  massive  sand- 
stone ledges.  As  a  whole  this  formation  is  composed  of  massive 
sandstones,  interbedded  with  sandy  shales  and  many  beds  of  coal  and 
carbonaceous  shale.  Of  these  rocks  the  sandstones  are  most  con- 
spicuous by  reason  of  their  greater  resistance  to  erosion  than  that 
offered  by  the  softer  beds.  The  formation  is  thus  typically  repre- 
sented by  a  more  or  less  rugged  country,  characterized  by  escarpment 
ledges  and  cliffs.  The  massive  sandstones  are  commonly  of  medimn 
or  rather  coarse  grained  texture,  locally  showing  some  cross-bedding, 
although  this  is  not  a  distinguishing  feature.  In  many  places  they 
weather  near  the  surface  to  a  variety  of  shades,  usually  of  reddish 
or  yellowish  color,  which  is  probably  the  result  of  the  oxidation  of 
some  iron  constituents.  Where  these  beds  are  exposed  in  mines  or  in 
freshly  cut  rock  faces,  they  are  commonly  of  clear  Avhite  sand,  firmly 
cemented  when  fresh,  but  they  crumble  and  soften  readily  with  ex- 
posure to  the  weather.  Much  of  the  cementing  material  in  the  sand- 
stone is  probably  of  calcareous  or  alkaline  nature,  as  calcareous,  mag- 
nesian,  and  ferruginous  salts  are  almost  invariably  found  in  the 
waters  that  leach  from  these  beds.  Such  salts  commonly  occur  as 
efflorescent  deposits  in  natural  cavities  in  the  massive  sandstone,  or 
under  projecting  ledges  where  sheltered  from  the  solvent  action  of 
rain  and  snow  water. 

•  Fenn^man,  N.  M.,  and  Gale,  II.  S.,  Tbe  Yampa  coal  fipld,  Routt  County,  Colo. :  Bull. 
U.  S.  Geo!.  Survey  No.  297,  1906,  pp.  22-28. 


Ill  gi*n(inil  tin-  j^hak*,s  difftM'  from  thoHe  whiclj  coiiHtiiute  tho  main 
}x)dy  of  the  Maiicos,  \w-ing  uwimlly  of  lighter  ct>lor  as  well  as  more 
HAiKly.  They  show  mncli  vamtion  in  const  it  ut  ion.  ranging  from  com- 
pHct  day  shale  soitu'whiit  resenibllng  the  typical  MiiiicoB  rock  to 
sandy  shak  and  from  this  to  thin-bedded  and  flaggj"  sandstone.  The 
roal  beds  constitute  one  of  the  most  important  econociie  resoni^e^  of 
thc^  region.  The  eoak  are  hitmninous  and  of  n  good  grade,  being 
Hiiuilar  to  those  of  the  Daufortli  Hills  field,  such  as  the  coals  near 
Meeker.  Ay  they  are  elsewheit^  •^  deserilx^d  in  considerable  detail. 
further  disuussfun  ui  them  is  omitted  here. 

Ab  shown  on  the  geologic  map  forming  PL  II  (i>ocket),  the  lower 
part  of  the  Mesavenk*  U  distinguished  as  a  separate  niemljer  by  a 
distinct  pattern,  the  top  boundary  representing  the  base  of  the  prin- 
t'ipal  groups  of  workable  coals.  Within  a  small  area  such  as  the 
Rangely  district  certain  party  of  the  Mesaverde  formation  aro  suffi- 
ciently continnous  ajkI  eharaeteristic  to  be  distinguished  and  traced 
tlironghoiit  the  tield,  although  they  vary  greatly  in  actual  detail 
within  very  short  distance??.  Perhaps  the  most  conspicnout>ly  con- 
stant nieml>er  of  the  whole  formation  as  viewed  from  Raven  Park 
is  the  irregularly  oval  escarpment  surrounding  the  valley.  This 
escarpment  is  composed  of  the  lowest  sandstone  meml>er  of  the 
formation,  and  is  locally  known  as  the  *'  rim  rock/'  The  view  given 
in  PL  IV,  J  J  illustrates  a  characteristic  jiortion  of  this  member,  and 
shows  the  underlying  bluff  of  Mancos  shale,  capped  and  preserved  by 
the  hard  sandstone  ledge.  The  sandstone,  or  "  rim  rock  "  itself,  is 
a  bed  ranging  in  general  from  20  to  50  feet  in  thickness.  Above  this 
is  a  mass  of  characteristic  sandy  shale,  500  to  600  feet  thick.  These 
shales  are,  in  general,  easily  eroded,  leaving  the  outer  edge  and  in 
many  places  a  considerable  portion  of  the  back  slope  of  the  "  rim 
rock  "  bare.  Beyond  the  gentle  back  slope  of  the  "  rim  rock  "  (as 
expressed  in  the  contouring  on  the  topographic  map)  a  second 
characteristic  escarpment  rises  above  the  first,  capped  likew^ise  by  a 
group  of  cliff- forming  sandstone  beds.  Of  these  the  lowest  is  most 
commonly  of  a  rusty-brown  color,  resembling  the  weathered  ledge 
of  the  "  rim  rock  "  below,  and  the  third  and  fourth  as  conmionly 
show  a  clear  white  aspect,  in  marked  contrast  to  the  group  of  darker 
ledges  below.  At  about  the  horizon  of  the  third  sandstone  above  the 
base  a  thin  bed  of  coal  or  dark  carbonaceous  shale  is  present  at  many 
places.  This  section  is  significant  for  purposes  of  correlation  bv 
comparison  with  the  strikingly  similar  section  near  the  base  of  the 
same  part  of  the  formation  in  Agency  Park,  north  of  Meeker,  and 
also  at  many  localities  along  the  borders  of  Axial  Basin.     Above  this 

«  l»rogre88  report  on  investigation  of  coal  fields  in  northwestern  Colorado  and  north-  • 
eastern  Utah :  Bull.  U.  S.  Geol.  Survey  No.  341,  1908. 


ROCK   FORMATIONS.  21 

pecond  group  of  sandstones  the  members  become  less  distinct  as  indi- 
viduals, but  merge  into  a  prominent  series  of  cliflf- forming  sandstones, 
continuing  as  such  up  to  the  horizon  of  the  principal  coal  group 
already  mentioned.  Into  these  massive  sandstones  the  steep  rocl^'^ 
gorges  and  canyons  of  many  intersecting  streams  are  cut.  This  lower 
part  of  the  formation  is  relatively  barren  of  coal,  but  is  prominent  as 
a  ridge  maker.  Its  total  thickness  ranges  from  1,000  to  1,500  feet. 
The  measurements  from  which  the  larger  estimate  is  obtained  were 
made  in  Chase  Gulch,  northeast  of  Rangely. 

The  upper  part  of  the  Mesaverde  formation  is  also  distinguished 
as  a  separate  member  on  the  geologic  map,  the  line  which  marks  the 
lower  limit  of  the  principal  group  of  workable  coals  representing  its 
base.  These  upper  strata  resemble  very  closely  the  underlying  beds, 
except  that  the  predominance  of  the  massive  and  resistant  sandstone 
members  is  not  so  pronounced  and  the  resulting  topography  is  conse- 
quently not  so  rugged.  One  of  the  most  readily  distinguished  hori- 
zons in  the  Mesaverde  is  the  bottom  of  the  principal  workable  coals. 
This  general  horizon  has  been  traced  continuously  for  at  least  200 
miles  along  the  outcrop  and,  as  already  mentioned,  is  shown  by  a  line 
on  PI.  II.  It  is  marked  by  a  conspicuous  white  sandstone  bed  which 
is  commonly  one  of  the  most  massive  members  of  the  whole  forma- 
tion. In  a  large  part  of  the  Danforth  Hills  this  bed  is  a  very  promi- 
nent white  ledge.  From  its  characteristic  appearance  it  has  come 
to  be  known  in  the  vicinity  of  Axial  post-office  as  the  "  white  rock." 
As  this  member  is  traced  west  of  that  field  it  disappears  and  reap- 
pears intermittently,  so  that  its  position  is  locally  a  matter  of  some 
conjecture,  even  in  a  well-exposed  section.  Here,  as  in  the  Danforth 
Hills,  wherever  it  can  be  recognized  it  furnishes  a  key  rock  by  which  ' 
to  identify  the  more  valuable  coal  beds  that  lie  above  it. 

Above  the  "  white  rock  "  the  sandstones  and  shales  alternate  in  a 
variable  succession,  showing  almost  everywhere  some  signs  of  the  coal 
beds  that  they  include.  The  coals  themselves  are  in  many  places 
made  conspicuous  by  the  burning  which  has  taken  place  along  their 
outcrops,  baking  the  inclosing  strata  to  brilliant  shades  of  red  and 
yellow  and  hardening  the  clay  and  shale  to  a  flinty  texture.  Less 
commonly  the  coal  beds  are  found  in  natural  outcrop  or  show  as  black 
streaks  along  the  hillside.  By  reason  of  the  weaker  character  of 
this  carbonaceous  material  it  is  usually  broken  down  and  concealed 
by  the  debris  of  the  harder  adjacent  strata.  From  the  "  white  rock  " 
to  the  top  of  the  formation,  coals  occur  at  irregular  intervals,  the 
principal  beds  being  almost  invariably  concentrated  near  the  base, 
or  not  far  above  the  "  white  rock." 

A  number  of  carefully  measured  sections  of  the  Mesaverde  forma- 
tion, taken  along  the  Grand  Hogback  east  of  the  Rangely  district, 
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have  alrt^atly  hvvu  publislieil  in  a  dertcription  of  the  upper  Whit 
River  coal  fields.''  In  that  region  the  fornifltion  attains  a  tliickness 
of  somewhat  over  5,000  feet,  or  approximately  1  mile,  Opport!mitie=? 
for  measurt^ment  netir  Raven  Park  iire  not  m  fuvorable,  but  the  thick- 
ness of  the  Me^averde  here  appears  to  be  not  more  than  half  tliat 
wliit'li  prevails  in  the  Gnind  Hogback  and  Danforth  Hills,  The 
prineipal  difliculty  in  obCjiinijjg  a  satisfactory  measnrement  in  the 
lower  White  River  territory  lies  in  the  uncertainty  i^egarciiug  the 
npp€»r  linjit  (if  the  forination,  Tt  in  possible  that  dnriiig  Mesavenle 
tinje  a  siindler  iniiomit  of  .sediment  was  dejxjsited  in  the  Riiveti  Park 
i-egion  than  in  the  Danforth  Hills  and  farther  sonth.  On  the  other 
hand,  the  ^n-ater  tlnt-kness  of  the  formation  in  the  eastern  part  t>f  the 
basiin  is  probably  to  be  exphunetl  by  the  assumption  that  most  of  the 
bedt^  originally  deposited  there  still  remain,  whereas  in  the  western 
part  a  large  anmnnt  had  probably  l*een  eroded  from  the  upper  jior- 
(ion  of  the  formation  before  the  next  succeeding  strata  were  laid 
dow-n.  Tliis  explanation  is  more  probable,  because  the  section  of  the 
Mesaverde  formation  near  Raven  Park  corresjxmds  in  grouping  a? 
well  as  in  thicknesses  to  the  Icjwer  pnYt  of  the  thicker  section  farther 
east.  It  may  be  noted  from  a  study  of  the  st^ctionfs  of  the  Mesaverde 
near  the  Grand  Hogback  and  in  the  Danforth  Hills  that  the  principal 
gronp  of  workable  coal  beds  is  in  the  lower  part  of  that  format ioUg 
immediately  overlying  a  relatively  barren  zone  of  1,000  feet  or  more* 
This  coal -bearing  group  is  in  turn  overlain  by  a  considernble  thick- 
ness of  strata  containing  scattered  coal  beds  or  earlionaceous  streaks, 
some  of  which  are  of  workable  thickness.  Additional  evidence  of 
the  removal  by  erosion  of  the  iip[>er  beds  in  the  w^estem  part  of  the 
field  is  found  in  the  fact  that  as  these  rocks  are  traced  nortliwe^twanl 
into  Utah  they  apparently  show  jirogressively  deeper  erosion,  with- 
out any  notable  change  in  the  character  or  grouping  of  the  basal 
ineml>ers.  The  JVlesaverde  formation  may  be  followed  continnon^r^lv 
to  and  l>eyond  Green  River,  where  its  outcrop  crosses  that  strt>am  just 
below  the  mouth  of  Ashley  Creek  in  Utah.  At  this  place  all  of  the 
workable  coal  group  is  wanting  except  one  or  two  coal  beds,  and 
these  occur  at  the  top  of  the  section,  which  is  roughly  estimated  a^ 
not  mure  than  l,oOO  feet  in  thickness. 

Not  oidy  has  a  great  amount  of  tlie  Mesaverde  formation  been 
eroded  from  the  western  part  of  the  White  River  region j  but  other 
and  higher  (.'retaceous  formations  Inive  probably  also  been  removed 
from  that  entire  basin,  as  they  are  present  in  adjacent  fields  to  the 
north  and  east.  In  the  Yampa  coal  field  the  T/ewis  shale  and  the 
Laramie  formation  overlie  the  Mesaverde,  separating  that  formation 


"  Coal    fl«ld^  of    tbf   DnnfortU   Hfllf^    nml    Ornod    Ilogbat-k    Eu    B(»rth western    Colonic ; 
BuU.  U.  B.  Geol,  SiifTey  Ko.  JU<J,  1907,  p.  2U(J, 
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from  the  succeeding  Tertiary  sediments,  which  are  similar  to  those 
that  rest  directly  upon  the  Mesaverde  in  the  Rangely  field.  It  is 
therefore  presumed  either  that  beds  corresponding  to  those  now 
found  in  the  Yampa  field  had  been  eroded  from  the  Rangely  dis- 
trict and  vicinity  before  the  deposition  of  the  Tertiary  beds  began, 
or  that  the  uppermost  Cretaceous  beds  were  never  deposited  in  the 
Rangely  district.  In  the  latter  case,  the  time  during  which  these 
later  beds  were  being  laid  down  in  other  regions  was  marked  by  dry- 
land conditions  in  this  district. 

The  stratigraphic  horizon  marking  the  disappearance  of  beds 
which  are  thought  to  have  once  been  deposited  and  later  eroded  be- 
fore succeeding  deposits  were  laid  down  represents  an  interval  in 
the  geologic  history  of  the  earth  probably  as  important  as  the  time 
represented  by  many  of  the  formations  that  still  remain  and  may 
be  studied  at  the  present  day.  The  causes  that  brought  about  first 
the  deposition  of  certain  beds  and  later  the  removal  of  the  same  ma- 
terial by  erosion  indicate  changes  in  the  earth's  crust  similar  or  re- 
lated to  the  earth  movements  that  produced  the  mountain  ranges. 
Although  the  record  of  those  events,  to  be  interpreted  from  a  study 
of  the  strata,  may  have  been  wholly  or  in  part  obliterated  at  certain 
localities,  many  of  the  missing  clues  may  be  obtained  from  other 
places.  The  horizon  of  a  former  land  surface  that  was  uplifted  and 
subjected  to  erosion  and  subsequently  submerged  and  subjected  to 
renewed  sedimentation  is  known  as  an  erosional  unconformity. 

The  tilted  rocks  exposed  in  the  ridge  north  of  and  approximately 
parallel  to  White  River  between  the  mouths  of  Wolf  and  Red  Wash 
creeks  offer  what  is  perhaps  the  best  opportunity  for  measurements 
of  the  Mesaverde  formation  near  the  field.  An  estimate  based  on  a 
measured  line  just  east  of  Red  Wash  Creek  (between  sees.  13  and  18, 
24  and  i9,  along  the  township  line  separating  T.  3  N.,  R.  101  W., 
and  T.  3  N.,  R.  100  W.)  gives  a  total  of  only  2,500  feet.  The  upper 
limit  of  the  section  is  defined  by  an  exposure  of  the  varicolored  marl 
characteristic  of  the  overlying  Tertiary  just  east  of  this  line,  along 
the  axis  of  the  Red  Wash  syncline.  Some  fossils  found  immediately 
along  the  line  of  this  cross  section  ( 100  paces  southeast  of  the  north- 
east corner  of  sec.  3G,  T.  3  N.,  R.  101  W.,  in  a  conglomerate  ledge) 
also  serve  to  indicate  that  the  top  of  the  formation  had  been  reached 
and  that  as  complete  a  section  of  the  Mesaverde  as  now  renuiins  in 
this  part  of  the  field  occurs  at  this  place.  These  fossils  consist  of 
internal  casts  of  a  species  of  Unio  and  some  indeterminable  frag- 
ments of  leaves.  Doctor  Stanton  considers  the  Unio  to  be  of  an  age 
later  than  the  Mesaverde,  possibly  belonging  to  Fort  Union  or  re- 
lated time.  He  is  also  of  the  opinion  that  it  is  older  than  species 
previously  known  to  have  come  from  the  Wasatch  formation.     No 
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iutentiediate  fL?nuiiti*>n  ha^^  beeo  rtx-ugnized  in  the  Rangel}'  fieltl  and 
these  pocks  are  theieftire  included  with  the  Wasatch  formatiorh 

Tht*  ciinyon  of  White  River  below  Raven  Park  would  seem  at  first 
Bight  lo  pre^^^nt  a  most  excellent  opportunity  for  obtaining  n  metis- 
nrenient  of  the  tliiekness  of  the  Mesaverde  formation.  Two  f net  on?, 
however,  interfere  with  such  a  measurement  at  this  IcjcaHty,  The 
lii'iit,  which  will  l)e  descril>ed  in  a  *=ukse<iuent  j^aragriiph,  is  the  prol> 
able  existence  of  a  fault  near  the  mouth  of  the  canyon,  and  the  HH^orid 
\h  a  j^harp  divergence  of  dips  and  strikes  along  the  river  banks,  cau^*d 
by  irn^gidarity  in  geologic  .structure. 

As  has  bet>n  explained,  tlie  precise  determination  of  the  upper  Umit 
of  the  Mesaverde  in;  an  PHjR*ciaIly  perplexing  j)roblem  in  ami  alMJut 
Raven  Park.  Near  ilecker  and  along  the  (jram^  Hogback  betwi*eE 
White  River  and  Grand  River  a  bed  of  coai-se  bowlder  and  |M^bblo 
conghnnerate  or  '"  pndtling  Mtotje  *■  with  a  connse  wbite-santl  matrtK 
marks  the  boundary  between  characteristic  Mesaverde  beds  brlow 
and  the  variegated  marl  and  sandstone  of  the  overlying  Tertiar\\ 
In  the  Rangely  district,  however,  nu  siicli  deiyrly  dc^fined  stratum  wa.^ 
discovered,  although  some  beds  of  conglomerate  not  closely  re.si^niblifig 
the  Grand  Hogback  bed  were  found.  The?*  beds  appear  to  Ijc  at  or 
ni»ijr  the  top  of  the  Mesaverde  formation,  but  in  many  places  thi^y 
could  not  lie  disco  veiled  and  the  sandstones  of  the  Mesaverde  could 
not  be  distinguished  from  those  of  the  overlying  l>eds.  Consequently 
the  exact  upper  limit  of  the  formation  coidd  not  in  all  places  be 
determined*  In  some  parts  of  the  Rangely  district  the  variegated 
colors  of  the  overlying  Tertiary  beds  are  less  conspicuous,  although 
they  are  generally  recognizable  and  serve  as  almost  the  only  distin- 
guish big  inark  of  the  transition  to  Tertiary  strata.  The  occurrence 
at  this  horizon  of  some  species  of  unios  and  one  or  more  gasteropock, 
including  one  which  is  probably  a  Gmiiuhanh,  was  not  considered 
determinative,  but  is  thought  to  indicate  the  Tertiary  age  of  the  l:K?ds 
including  them  and  is  considered  as  a  usefid  clue  in  the  mapping  of 
the  Cretaceous-Tertiary  boundary  at  the  top  of  the  Mesaverde, 

Fossils  have  Ijeen  found  in  all  parts  of  the  Mesaverde  fonnatioiL 
These  indicate  that  the  basal  beds  are  mostly  of  marine  origin,  np  ta 
and  j)robably  including  the  "wMiite  rock/'  This  basal  portion  of  tho 
formation  is  distinguished  as  a  separate  member  on  the  geologic  map 
(Pb  II),  Alx>ve  the  ^^  white  rock  "  fresh-  and  brackish-water  inver- 
tebrates and  plants  indicate  a  change  in  the  body  of  water  in  which 
these  Ijcds  were  formed.  The  fresh-  or  brackish- water  conditions  were 
not  i>ermanent,  however,  and  gave  way  to  true  marine  conditions 
when  the  beds  near  the  top  of  tlu?  formation  were  deposited.  Fresh- 
water fossils  are  also  found  in  the  lower  predominatingly  marim^  beda 
The  following  is  a  list  of  the  fossils  collected  from  the  Mesaverdc 
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formation  in  this  field  or  along  the  drainage  basins  of  ^Vhite  and 
Yanipa  rivers : 

Fossils  obtained  from  Mcsaverde  formation  in  White  River  districts, 

INVERTEBRATES.**  ^ 


Ostrea  subtrigonalis  E.  and  S. 
Ostrea  glabra  var.  arciiatills  Meek. 
Anomia  micronema  Meek. 
Modiola    laticostata    (White), 
luocerainus  sagensis  Owen. 
Inoceramus  cripsi   var.  barabini  Mor- 
ton. 
Inoceramus  ereetus  Meek. 
Unio  sp.  cf.  T".  brachyopisthus  White. 
T;nio  cf.  danje  M.  and  II. 
Corbieula  cytheriforniis  M.  and  II. 


Corbicnla  occidentalis  M.  and  II. 

Oardinm  8i)eciosum  M.  and  H. 

Legumen  sp. 

l)onax?  sp. 

Mactra  formosa  M.  and  H. 

CV)rbnla  nndifera  Meek. 

Vlviparus  sp. 

Tnlotonia  thompsoni  White. 

Canipelonia?  sp. 

(loniobasis?  sp. 

Haculites  conipressus  Say. 


Halymenites. 

Cunninghamites  elegans?  (Corda)  Kndl. 

Ficus  speciossissima  Ward. 

Ficus  sqnarrosa?  Knowlton. 

Ficns  sp.? 

Ficus  planicostata  Lesq. 

Sapindus  sp. 

Sequoia  Reidhenbachi  (Gein.)  Heer. 


Dainmara  cf.  D.  acicularis  Knowlton. 
Oorylus    cf.    C.    Macquarril    (Forbes) 

Heer. 
Magnolia  tenuinervis  I^sq. 
Zizyi)hus  sp.? 
(^elastrus  sp. 
Phitanus  sp. 
(Jeinltzia  sp. 


TERTIARY  FORMATIONS. 

Between  the  top  of  the  Mesaverde  formation  and  the  base  of  the 
overlying  Tertiary  strata  an  unconformity  exists  in  the  Rangely  dis- 
trict, as  has  already  been  stated.  Much  difficulty  has  been  experienced 
in  determining  precisely  the  horizon  at  which  this  unconformity 
occurs,  as  no  change  in  the  bedding  of  the  strata  has  been  noted. 
Definition  of  the  top  of  the  Mesaverde  as  well  as  the  base  of  the 
Tertiary  depends  on  this  feature.  Both  formations  contain  alter- 
nating beds  of  massive  sandstone  and  sandy  shale  which  are  so  similar 
that  in  many  places  they  can  not  be  distinguished  one  from  another. 
The  chief  characteristics  of  the  lower  Tertiary  beds  are  the  clays  or 
marls  of  brilliant  and  variegated  colors,  which  constitute  in  some 
places  a  mass  2,000  feet  to  possibly  4,000  feet  in  thickness.  The  Varie- 
gated strata  are  supposed  to  be  of  Wasatch  age  and  were  so  mapped  in 
the  Hayden  reports.  Fossils  obtained  from  the  basal  part  of  this  for- 
mation have  been  identified  as  characteristic  of  the  Fort  Union  forma- 
tion. The  Wasatch  is  quite  distinct  as  a  lithologic  unit  along  the 
western  flank  of  the  Grand  Hogback  and  the  Danforth  Hills,  where 


•  Iletermined  by  T.  W.  Stanton. 


"  iK'termined  by  F.  H.  Knowlton. 
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it  attains  a  tliickness  of  at  least  4,000  feet.  In  the  vicinity  of  Eaven 
Park,  however,  these  colored  claj^s  are  much  less  conspicuous.  Below 
the  Cathedral  Bluffs  red  patches  are  exposed  only  hein?  and  there*  and 
the  massive  white  sandstones  very  closely  resemble  those  of  tlie 
Mesaverde  iormation  below. 

Overlying  the  Wasatch  or  lowest  Tertiary  formation  is  a  ?5eoon(i 
niasy  of  sliale  and  sandstone  without  the  variegated  colors.  The^ 
rocks  have  been  named  Green  River  group  in  the  earlier  geologic 
work*  They  are  characteristically  exposed  in  escarpments  of  eonsid- 
cmlde  elevation,  among  the  best  examples  being  those  of  the  Bot>k 
Cliffs  and  Cathedral  Bluffs,  south  of  Raven  Park.  These  steep  scarps 
stand  at  elevations  of  1,500  to  "2^000  feet  al:K>ve  the  neighlxjring  vallej-y, 
find  are  almost  everywhere  characterized  by  the  chalky-wlute  ap- 
pearance of  the  weathered  cliffs  as  seen  at  a  distance,  Thit  Ctreen 
River  formation  usually  lies  nearly  horizontal  or  with  a  very  light 
dip,  and  in  most  places  it  forms  a  high  mesa  or  plateau  surface, 
occupying  the  undisturl>ed  interiors  of  the  great  structural  basins*     ■ 

In  detail  the  Green  River  foi'ination  Is  composed  of  sandstone^ 
and  thin4x*ddcd  slaty  shales,  with  layers  of  limestone  and  calcareous 
shale.  Many  beds  of  oolitic  or  piscditic  limestone  occur,  and  at 
some  localities  they  fonn  the  major  part  of  tlie  harder  beds  which 
the  formation  contains.  In  many  places  the  thin-l>edded  shale  is 
of  dark  or  brownish  color  when  freshly  exposed,  in  marked  contrast 
to  the  almost  universal  whitish  aspect  of  nearly  all  these  beds  on 
their  weathered  edges.  The  characteristic  occurrence  of  most  of 
these  Tertiary  beds  in  areas  of  slight  structural  disturbance  and 
their  consequent  horizontal  position  are  discussed  in  the  section  on 
structure  (p.  34). 

MODIFICATION  OF  FORMER  CRETACEOUS  CLASSIFICATIONS  IN  THE 

PRESENT  PAPER. 

All  the  names  of  Cretaceous  formations  used  in  the  reports  of  the 
Hayden,  King,  and  Powell  surveys,  with  the  single  exception 
of  Dakota  sandstone,  have  been  superseded  by  other  names  in  the 
foregoing  descriptions.  The  relations  of  this  recently  adopted 
nomenclature  to  the  old  classifications  and  also  the  relations  of 
those  formations  to  each  other  are  indicated  in  the  accompanying 
table  of  correlations.  The  classification  of  the  Cretaceous  strata 
above  the  Dakota  as  Laramie,  Lewis,  Mesaverde,  and  Mancos  here 
replaces  altogether  the  older  grouping  of  Laramie,  Fox  HiUs,  and 
Colorado  as  used  by  the  King  and  Hayden  surveys  for  this  general 
region.  Although  the  term  Laramie  is  retained  in  the  present  classi- 
fication as  the  name  of  the  uppermost  of  the  formations  of  Creta- 
ceous age  as  they  are  now  recognized,  this  term  is  no  longer  accepted 
as  it  was  formerly  applied  by  any  of  the  early  investigators  in  this 
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particular  field — a  point  that  is  discussed  in  detail  farther  on  (see 
pp.  27-Z2).  This  more  recently  adopted  nomenclature  has  alr(md| 
been  introduced  into  the  literature  of  northwestern  Colorado  geol- 
ogy.^  Still  more  reet^nt  stratigraphie  studiew  have  coufirnied  the 
tentative  conchisions  of  the  Yampa  coal  I'eport,  relating  to  the  nec«s- 
^it}^  for  a  revi-seVl  iiomenchUure,  and  also  the  expediency  of  the  names 
there  adopted  fur  the  north wej^tern  Colorado  region. 

Although  the  elasgificatious  and  conclusions  of  the  early  geologic 
writers  on  this  field  hav(^  gained  wide  recognition  and  become  verv 
firmly  established  in  a  popular  as  well  as  mure  technical  way,  ther^ 
is  ample  ju^stifieation  and  indeed  urgent  necessity  for  abandoning  en- 
tirely this  older  terminology  and  r**vising  the  basis  of  its  sti^ati- 
graphic  grouping*  This  revision,  ai^  adopted  here,  is  intended  lo  ac- 
complish three  specific  aims.  These  are,  fii-st,  to  do  away  witli  thi* 
uncertainty  that  prevails  with  regard  to  the  precise  definitions  and 
limits  assigned  to  certain  terms  by  the  various  authors  in  Uie  older 
work,  the  differing  significance  attached  to  the  geologic  term  CcJch 
rado  being  the  prijicipal  instance;  second,  to  establish  a  stratigraphie 
*irul  lithologie  basis  of  separation  of  the  formations  instead  of  the 
pix^l^ously  adopted  paleontologic  basis,  which  depended  on  dislinc- 
tioUB  that  are  always  difficult  and  locally  impossible  to  ix^cognfe; 
third,  to  call  attention  to  and  correct  an  old  and  now  widc«^pi^ad 
misinterpretation  of  the  age  of  the  beds  formerly  called  '^  La  ramie  "^ 
in  this  fitdd — a  group  of  strata  tltat  should  never  have  been  included 
in  the  formations  to  which  that  name  was  applied,  even  according  to 
the  original  st:>mewhat  uncertain  definition  of  the  term.  These  point's 
are  considered  in  more  detail  as  follows: 

Fii^t  The  use  of  the  same  geologic  formation  name  with  varying 
significance  is  found  in  the  application  made  of  the  term  Colorado 
by  the  King  and  Hay  den  surveys.  This  disagreement  is  indicated 
in  the  correlation  table  (p,  21).  In  the  reports  of  the  Fortieth 
Parallel  Survey  the  term  Colorado  is  defined  so  as  to  include  a  con- 
siderably wider  stratigraphie  nuige  than  as  it  was  later  used  by 
AVhite  in  his  work  with  the  Hayden  Survey.  The  reasons  for  this 
confusion  are  largely  paleontologic,  as  stated  by  White  in  his  report* 
He  says: 

While  adopting  the  name  "  Colorado  group  "  of  Mr.  King,  I,  for  paleontolog- 
ical  reasons  chiefly,  so  restrict  its  application  as  to  include  only  what  I  under- 
stand to  be  equivalent  with  Nos.  2  and  3  of  Meek  and  Hayden's  original  seetlcm, 
leaving  the  equivalent  of  No.  4  to  be  included  with  the  strata  of  the  Fox  Hills 
group,  instead  of  with  the  Colorado  group,  as  Mr.  King  has  done. 

The  restriction  of  the  Colorado  was  not  successfully  applied  in  the 
mapping  of  the  Eangely  district,  where  this  subdivision  could  not  be 


«  The  Yampa  coal  field,  Routt  County,  Colo. :  Bull.  U.  S.  Geol.  Sarvey  No.  297,  1907. 
b  Tenth  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey  Terr.,  1878,  pp.  20-21,  3a 
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traced  on  a  lithologic  basis.  AVliite's  usage  of  the  term  has,  however, 
been  generall}^  and  consistently  followed  in  other  fields  for  thirty 
years  and  it  is  still  of  great  value  as  a  correlation  term.  As  Stanton 
states,  the  group  is  a  natural  division  from  a  lithologic  as  well  as  a 
paleontologic  standpoint  east  of  the  Rocky  Mountains,  where  the 
calcareous  Niobrara  separates  the  two  dark  shales,  Benton  below  and 
Pierre  above. 

Second.  The  necessity  for  the  use  of  stratigraphic  and  lithologic 
distinctions  as  the  primary  basis  in  geologic  mapping  is  well  brought 
out  by  the  difficulties  that  have  been  encountered  in  Raven  Park  and 
adjoining  districts.  White  himself  admits  ^  that  "  all  the  groups  of 
strata  that  are  referred  to  the  Cretaceous  period  in  this  report  are, 
within  this  district,  not  only  strictly  conformable  with  each  other  as 
regards  their  stratification,  but  I  have  never  been  able  to  fix  upon  a 
plane^  of  demarkation  between  any  of  them  with  entire  precision." 
White's  grouping  of  the  strata  was  made  on  a  purely  paleontologic 
basis,  a  policy  which  he  considered  imperatively  necessary  ^  for  the 
purpose  of  establishing  at  once  wide-range  correlations  over  extensive 
areas.  Thus  the  division  planes  which  he  adopted  depended  entirely 
on  scattering  and  to  a  large  extent  inadequate  fossil  evidence  and  not 
on  recognizable  changes  in  the  rock  strata  themselves.  His  planes  of 
demarkation  w^ere  thus  impossible  of  precise  definition  and  could 
never  or  very  rarely  be  identified  exactly  in  the  field.  The  geologie 
boundaries  he  has  shown  on  his  maps  are  therefore  scarcely  more  than 
mere  estimates  or  are  purely  arbitrary  lines  w^hich  had  to  be  assumed 
in  the  absence  of  the  criteria  necessary  to  establish  any  actual  subdi- 
vision. Even  if  sufficient  fossil  evidence  were  everywhere  at  hand  to 
make  such  a  division  it  is  extremely  doubtful  if  it  would  serve  the 
most  useful  purposes,  as  no  one  without  paleontologic  training  could 
appreciate  its  value  when  draw^n. 

Although  it  now  appears  to  be  more  practical  to  map  geologic 
formations  in  any  particular  field  largely  on  the  basis  of  lithologic 
distinctions — that  is,  changes  in  the  character  of  the  rock  strata 
themselves — ^no  one  will  question  the  necessity  of  paleontologic  evi- 
dence in  determining  the  position  of  these  rocks  in  the  geologic  time 
scale  and  their  correlation  across  the  larger  areas  or  in  discontinuous 
fields.  The  errors  introduced  by  some  of  the  older  surveys  as  a  re- 
sult of  attempted  correlation  on  the  basis  of  lithologic  similarity 
of  rock  formations  occurring  in  discontinuous  areas  have  been  as 
many  and  as  serious  as  those  resulting  from  the  use  of  paleontologic 
criteria.  The  argument  of  the  present  work  is  that  the  more  practi- 
cal method  of  subdivision  should  be  applied  to  any  specific  strati- 
graphic  section.     For  any  one  field  or  basin  marked  changes  in  the 

»  Op.  cit.,  p.  20.  ^  Op.  cit.,  p.  30,  line  'M\ 


GEOLOGY  iW   KAN  GEL  r    OIL   DISTBTCT^  COLORADO. 

cons^tiliitioti  of  thci  nx-k  ntrata  themselvas  furnish  ns  important  e?!* 
tleiice  of  changes  in  g^-*o|^nij>hy  und  in  ranclitioiis  of  iseilinietitiitiofi 
thiring  piLst  ^cH>l<jgic  time  as  do  tht*  fragmentary  records  of  antmal 
life  that  now  happen  to  be  preserved. 

A  part  of  the  confusion  in  the  early  geologic  ms^pping  based  oii 
paloonlologic  di.stinctions  was  pro!>ably  due  to  the  failure  iit  that 
time  to  undei^stand  the  ^igniticance  of  the  so-called  Fox  Hills  fauna, 
JiiH  likely  that  the  use  of  the  term  Fox  Hills  to  define  any  particular 
formation  representing  a  speeifio  time  interval  in  the  Cretaceous 
histf^ry  nf  tlie  Rocky  Mountain  regir^n  will  now  l>e  absindoiierh  Tlii^ 
conclusion  has  been  reached  by  Stanton  and  others  after  an  extensive 
study  of  western  Cretaceous  stratigraphy,  and  so  far  as  known  to  the 
autlinr  is  not  now  disputed  by  anyone  familiar  witli  these  prol»lemiv 
As  stated  by  Stanton,"  "  Faunas  similar  to  that  of  th**  Fox  IT  ills 
sand?:;tonc  have  a  great  vertical  range  and  are  likely  to  !>e  found  at 
any  horizon  within  I  lie  Mont  ana  group  where  a  littoral  or  ^Imllow- 
water  faeies  is  developed.  The  use  of  the  term  Fox  Hills  ai?  a  forma  - 
tion  or  horizon  name  oiitside  of  the  original  area  in  South  Dakot;i 
is  therefore  of  doubtful  propriety*  as  experience  has  shown*" 

In  most  of  the  fields  west  of  the  Kotky  Mountains  or  the  Great 
Plains  the  term  Pierre  has  also  led  to  some  confusion.  Secticais  ia 
central  and  northern  Montana  that  have  been  described  have  defined 
as  the  Pien*e  formation  {later  named  Bearpaw,  although  still  as- 
signed to  Pierre  age)  a  shale  body  overlying  the  Judith  River, 
Claggett,  and  Eagle  formations.  The  latter  three  formations  are 
now  considered  to  be  in  greater  part  the  equivalents  of  the  Mesaverde 
formation  of  northwestern  Colorado  and  southern  Wyoming  sections. 
In  the  Colorado  and  Wyoming  fields,  however,  Pierre  has  been  used 
to  denote  beds  which  normally  underlie  the  Mesaverde  formation. 
The  shales  above  and  below  the  Mesaverde  are  of  similar  lithologic 
composition,  resembling  the  Pierre  shale  of  the  Great  Plains  region, 
and  also  contain  fossils  that  are  commonly  found  in  the  Pierre  of 
the  Great  Plains.  Pierre  is  certainly  a  valid  and  useful  term  in  the 
large  area  where  the  Niobrara  is  typically  developed  and  Mesaverde 
and  similar  formations  do  not  exist,  but  probably  has  no  place  in  a 
section  w^hich  also  includes  either  the  Mesaverde  or  the  Judith  River. 

Third :  With  regard  to  the  previous  misinterpretation  of  the  term 
Laramie  so  far  as  it  relates  to  the  Raven  Park  district  the  solution  is 
clear.  None  of  the  rocks  in  this  field  to  which  the  name  Laramie  has 
hitherto  been  applied  are  properly  so  classed.  The  Laramie  forma- 
tion in  the  sense  in  which  the  name  was  originally  adopted  is  almost 
certainly  not  represented  at  all  by  any  of  the  strata  exposed  in  the 
immediate  vicinity  of  Raven  Park.     Either  this  formation  was  never 

«  Stanton.  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  the  Judith  River 
beds :  Bull.  U.  S.  Geo\.  Survey  ^o.  1^1,  1Q05,  ^,  66. 
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deposited  in  this  field  or  if  it  was  deposited  it  was  completely  eroded 
at  a  later  time,  before  the  overlying  Tertiary  beds  were  laid  down. 

The  name  Laramie  was  adopted  by  agreement  between  King  and 
Hayden  to  apply  to  the  Cretaceous  strata  then  thought  to  lie  at  the 
top  of  that  system,  conformably  above  the  marine  deposits.  It  was 
assumed  at  that  time  that  marine  conditions  existed  throughout  a 
large  part  of  the  interior  province  during  most  of  Cretaceous  time, 
and  that  these  conditions  terminated  with  a  succession  of  crustal 
movements  that  uplifted  the  Rocky  and  Uinta  mountain  ranges.  Por- 
tions of  this  sea  were  supposed  to  have  been  cut  oflf  in  interior  basins 
at  the  time  of  that  upheaval,  so  that  their  waters  gradually  became 
less  and  less  salty,  until  the  fresh-water  conditions  which  marked 
Tertiary  time  were  fully  established.  It  was  clearly  the  intention 
of  the  early  investigators  to  denote  the  beds  laid  down  during  this 
transitional  stage  by  a  formation  name,  for  which  purpose  Laramie 
was  agreed  upon.  In  terms  of  later  geologic  nomenclature,  therefore, 
Laramie  was  probably  meant  to  include  all  the  brackish-water  de- 
posits which  succeeded  the  Montana,  or  latest  marine  sediments  then 
recognized  in  the  Cretaceous  system.  This  formation  was  less  cer- 
tainly defined  by  an  upper  limit,  but  was  in  all  probability  intended 
to  include  all  strata  up  to  whatever  beds  should  be  considered  as 
belonging  to  the  fresh-water  or  Tertiary  basins  established  after  the 
mountain-building  movements  already  mentioned  were  completed. 

Early  investigators  did  not  at  first  recognize  that  temporary  tran- 
sitions to  brackish  and  fresh  water  deposition  occurred  at  various 
periods  during  marine  Cretaceous  time.  Such  conditions  apparently 
prevailed  for  a  while  in  certain  interior  basins  at  the  same  time  that 
the  normal  marine  deposits  were  being  laid  down  in  adjoining  regions. 
These  periods  which  preceded  the  close  of  the  Cretaceous  were,  how- 
ever, of  short  duration  and  w^ere  apparently  terminated  by  incursions 
of  the  sea  and  reestablishment  of  salt-water  conditions.  The  Judith 
River  beds  of  Montana  and  the  Mesaverde  formation  of  Colorado  are 
examples  of  deposits  laid  down  during  such  periods.  Both  contain  a 
fauna  and  flora  resembling  those  of  the  Laramie  and  were  formerly 
supposed  to  be  Laramie.  Both  are  now  known,  however,  to  represent 
stages  of  fresh-water  deposition  somewhat  similar  to  those  which 
prevailed  during  Laramie  time,  but  occurring  long  before  the  close 
of  the  Cretaceous.  It  is  perfectly  clear  that  such  beds  can  not  be 
included  under  any  interpretation  which  can  be  reasonably  given  to 
the  original  definition  and  agreement  as  to  the  use  of  the  term 
Laramie. 

The  fact  that  Mesaverde  time  was  succeeded  by  a  considerable 
period  of  true  marine  deposition  was  entirely  unrecognized  at  the 
time  of  the  earlier  surveys.  Evidence  of  this  return  of  salt-water 
conditions  is  found  in  the  existence  of  a  normal  succession  of  marine 
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strain  overlying  the  MesjneiHli*  forniatioo  in  the  Yampii  Hiver 
valley,  lioHli  of  tlie  fields  sinK^tiirally  included  with  those  of  the 
Wliite  River  districts.  The  Yampa  basin  contains  a  great  body  of 
dark  clay  s^hale  with  lenticulaf  interU^dded  sandstones  and  calcarraus 
hiyerSj  overlain  by  a  second  large  body  of  sandstones,  saady  shales^ 
and  coal  beds.  Of  the^«  deposits  the  lower  or  shale  group  (Lewis 
Fliale)  is  of  marine  origin  and  the  overlying  beds  indicate  a  second 
transitory  stage,  reintroducing  brackish  and  fresh-water  conditioiis, 
Tho  later  beds  arc  thonght  to  represent,  at  least  in  part,  the  Laramie, 
so  far  a^  the  best  interpretation  of  that  term  is  at  present  underi^tood. 

feTRUCTCTRE, 
GENERAL  FEATUREa 

The  geologic  structure  of  the  region  herc  discusi^Gd  can  best  be 
de^scribed  by  means  of  graphic  sectiong.  Se^^eral  of  these  have  l>eeii 
constructed  to  rej^resent  the  features  exhibited  in  the  Rangely  district 
and  are  reproduced  in  PL  III.  The  locations  of  the  lines  along 
which  the,se  cross  sections  are  drawn  are  shown  on  the  geologic  map 
(PI.  II,  pocket)  by  letters  corresponding  w^ith  those  on  the  sections. 

The  w^hole  field  constitutes  only  a  portion  of  the  huge  structunil 
basin  that  lies  south  of  the  Uinta  Mountains.  The  term  basin  is 
variously  used,  but  in  its  structural  geologic  sense  it  refers  to  the 
attitude  of  the  rock  strata  and  is  intended  to  slgidfy  a  synclinc  ur 
relatively  depressed  portion  of  the  earth's  crust,  commonly  retaining 
beds  of  the  younger  geologic  formations,  while  the  corresponding 
beds  are  very  likely  to  have  been  worn  away  over  the  uplifted  por- 
tions that  surround  and  form  the  rim  of  the  basin.  A  basin  in  this 
sense  should  not  be  confused  with  a  topographic  basin,  which  is  also 
commonly  understood  as  a  relative  depression,  but  referring  to  the 
earth's  surface  only  without  any  implication  as  to  the  attitude  of  the 
underlying  strata — for  instance,  a  valley  or  drainage  basin.  Raven 
Park  is  an  excellent  example  of  a  topographic  basin,  but  is  structur- 
ally quite  the  reverse  of  a  basin,  being  formed  of  strata  relatively 
uplifted  at  the  center  or  axis,  and  not  depressed. 

The  Raven  Park  district  lies  on  the  northern  margin,  of  the  Uinta 
Basin,  where  the  younger  beds  that  occupy  the  major  basin  are  up- 
turned and  eroded  along  the  uplifted  axes  of  the  Uinta  Mountain 
system.  The  Uinta  Basin  as  a  whole  lies  south  of  the  Uinta  Range 
in  Utah  and  Colorado.  It  is  limited  on  the  east  by  the  various  axes 
of  uplift  which  form  the  western  foothills  of  the  Rocky  Mountain 
system.  It  extends  westward  to  the  Wasatch  Mountains  in  Utah  and 
southward  to  the  uplifted  areas  of  the  Uncompahgre  Plateau  and 
the  San  Rafael  Swell.  In  the  major  structural  basin,  as  well  as  in 
the  subordinate  synclines  included  within  it,  the  axes  or  deepest 
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portions  of  the  folds  lie  in  tlie  main  parallel  to  the  major  axes  of  the 
uplifts  that  Ix^rder  them.  Thus  within  the  inliueme  of  the  Kooky 
Mountain  system  all  the  folds  exhibit  marked  parallelism  in  a  north- 
west-southeast direction.  The  axes  of  the  Uinta  system  trend  more 
nearly  east  and  west,  and  an  extension  of  the  Uinta  uplift  eastward 
as  a  comparatively  simple  anticline  through  Axial  Basin  Inauls  south- 
eastward and  merges  into  the  corresponding  uplifts  and  folds  of  th(» 
White  River  Plateau,  which  are  clearly  a  part  of  the  Rooky  Mountain 
system.  This  connecting  anticline  is  comparatively  inconspicuous  as 
regards  its  magnitude  of  uplift,  but  it  connects  the  two  great  moun- 
tain systems  and  separates  two  huge  basins  of  the  younger  CretaciH)us 
and  Tertiary  rocks  which  lie  north  and  south  of  it.  The  basin  to 
the  north  is  described  in  part  as  the  Washakie  Basin  in  Wyoming,  a 
portion  of  the  greater  structural  feature  known  as  the  (ireen  River 
Basin,  and  terminates  southeastward  in  the  valley  of  upper  Yampa 
River  in  Colorado. 

The  Colorado  portion  of  the  Uinta  Basin  has  been  termed  the 
Grand  River  Basin,  and  is  in  a  minor  way  naturally  distinct  from  the 
larger  extension  of  the  Uinta  Basin  into  Utah,  being  separatoil  by  a 
series  of  anticlinal  or  domal  uj^lifts  of  which  the  Raven  Park  fold  is 
one.  This  series  of  uplifts  has  an  approximately  north-south  axis. 
It  is,  however,  composed  of  three  or  more  distinct  structural  domes,  to 
be  presently  described  in  detail,  whose  axes  of  greater  elongation  are 
approximately  parallel  to  each  other  but  oblicjue  to  their  north-south 
alignment  as  a  group.  The  longer  axis  of  tlie  Raven  Park  anticline 
lies  apparently  in  extension  of  the  major  axis  of  the  whole  (irand 
River  Basin.  The  similar  and  more  i)ronounced  fold  of  the  southern 
Blue  Mountain  region  lies  north  of  the  Raven  Park  anticline.  A 
less  pronounced  fold  south  of  the  Raven  Park  anticline  will  be  ile- 
scribed  as  the  Douglas  Creek  uplift.  South  of  the  Douglas  Creek 
uplift  and  beyond  the  area  here  considered  in  detail  the  Uinta  Basin 
as  a  whole  terminates  against  the  flexures  bordcM-ing  the  Inconi 
pahgre  Plateau  south  of  (Irand  River,  just  as  it  does  against  the 
Uinta  axes  on  the  north. 

RAVEN   PARK   ANTICLINE. 

The  structure  of  Raven  Park  is  essentially  that  of  a  siuiph*  anti 
dine  or  dome  of  the  underlying  strata,  the  valley  itself  having  been 
eroded  from  the  crest  of  the  ui)Iifted  portion.  Hie  strata  ixw  in 
clined  outward,  dii>ping  in  all  directions  from  the  <*enter  or  axis  of 
the  uplift.  The  dome  is  roughly  oval  in  form,  the  axis  oi-  longer 
diameter  lying  in  an  almost  <hie  northwest-southeast  dii-eetion.  \i 
either  end  of  the  axis  the  fold  flattens  and  is  lost  to  view,  merging 
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into  tlie  flexures  of  iuljoiniiig  areas.  Toward  tin*  iiortlnvest  the  two 
Hanks  of  tlie  flexure  unite,  the  strata  becoming  approximately  hori- 
zontal, with  a  number  of  minor  irregularities,  and  the  fold  disappears 
entirely  at  a  point  near  the  Coh)rado-Utah  State  line.  Beyond  that 
l)oint  all  trace  of  sulx)rdinate  folds  is  lost,  the  strata  showing  a  uni- 
form southward  dip  away  from  the  higher  ui)lifts  to  the  noilh  and  ex- 
tending in  this  way  westward  to  the  Green  Itiver  Valley.  Southeast 
of  Kaven  Park  the  fold  apparently  terminates  in  the  flat-lying  Terti- 
ary beds  of  the  high  escarpment  knowni  as  the  Cathedral  Bluffs. 
Thesi*  strata  fill  most  of  the  interior  of  the  (Irand  River  Basin.  The 
portions  that  now  remain  are,  as  a  rule,  horizontal  or  only  very  gently 
flexed  or  tilted,  and  constitute  most  of  the  high  plateau  surfaces  that 
characterize  that  general  region. 

The  liaven  Park  anticline  is  not  a  symmetrical  fold.  Toward  the 
northeast  the  strata  dip  away  at  light  angles,  averaging  from  4" 
to  G°,  but  the  dips  to  the  south  and  southwest  are  much  steeper — 
from  15°  to  about  35° — the  flexure  itsc^lf  behig  very  abrupt,  as  is 
characteristic  of  most  of  the  folds  in  the  western  Cretaceous  foothill 
strata.  These  steeper  dips  are  found  along  Raven  Ridge  and  the 
south  side  of  ^^^lite  River. 

As  stated,  the  Raven  Park  anticline  lies  midway  between  similar 
flexures  on  the  north  and  the  south.    xVll  these  folds  exhibit  striking 
features  of  similarity  and  apparent  rdationship.     The  most  prouii-     ' 
nent  of  these  features  are  the  cliaracter  and  i)()sition  of  the  flexui-es 
th(Musclves,  and  the  correspondence  in  direction  of  their  longer  axes. 
It  is  of  interest  to  note  the  gradation  of  the  intensity  of  uplift  that 
produced  tlie  various  folds.    In  the  Midland  fold  to  the  north  the  up- 
heaval was  suflicient  to  bring  to  surface  level  rocks  as  old  as  Car- 
l)()nilVrous,  but  even  this  uplift  is  of  much  less  magnitude  than  similar 
and  <j:reater  folds  innnediately  north  of  it.     The  Raven  Park  fold 
exi)oses  the  Mancos  shale  at  its  center.     The  Douglas  Creek  flexuii^ 
i>  broader  and  of  less  intensity  than  that  of  Raven  Park,  so  that  itrTT= 
ui)j)er  j)orti()n   i>  now  largely  capped  bv  the  Me-^averde  strata  stilT^ 
vonn<rer  than  thoM'  found  in  Raven  Park. 

MIDLAND  UPLIFT. 

The   Midland    uplift    was  named   and   deM*ribed   by   White"  in    J*-"* 

report  of  the  llayden  Survey.  The  name  i^  intended  to  include  \lm  *= 
anticlinal  flexure  that  forms  the  M)uthern  margin  of  Blue  MountaLJ*'' 
(Yanij)a  Phiteau  of  the  earlier  work),  a  [xu'tion  of  which  was  the?*^ 
designated  as  the  Midland  Ridge.  The  southern  ])ari  of  this  regies-* 
of  ui)lit't  is  included  in  the  area  of  the  geologic  nia|)  and  >ections  th^**^ 
aecouij>any  this  report  (Pl>.  IT  and  111).     It  is  in  many  resjKH^ts  tl^^* 

"  louih  Auu.  rvvv^^-  V.  t=».  v'lV'vA.  vvuvl  (Ujot;,  Survey    Terr.,  1S7S,  p.  45. 


STRUCTURE.  35 

most  striking  feature  of  the  region  and  is  of  especial  interest  in  con- 
nection with  a  study  of  the  Raven  Park  uplift  because  of  its  simi- 
larity in  form  and  parallelism  of  structure  and  the  greater  magnitude 
of  the  stratigraphic  displacement  which  it  represents.  By  reason  of 
the  greater  intensity  of  its  uplift,  and  also  of  later  erosion  along  its 
axis,  it  brings  to  view  a  considerable  section  of  the  older  strata  Avhich 
underlie  Raven  Park  but  are  not  there  exposed. 

Like  the  Raven  Park  anticline,  the  Midland  uplift  exposes  at  its 
center  beds  of  weaker  texture  than  those  which  compose  the  flanking 
ridges,  and  thus  a  portion  of  the  axis  or  crest  of  the  uplift  is  eroded 
to  a  valley  of  comparatively  low  relief.  This  valley  is  in  form  a  great 
amphitheater  about  15  miles  in  length,  inclosed  by  an  almost  con- 
tinuous wall  of  brilliantly  colored  strata.  This  escarpment  is  a  strik- 
ing feature  of  the  landscape  and  can  be  seen  from  a  great  expanse  of 
territory  to  the  south  as  far  as  and  beyond  AATiite  River  valley.  It 
is  in  form  a  precipitous  wall  1,000  to  1,500  feet  in  height,  composed 
of  brilliantly  colored  clay  or  shale  capped  by  ledges  of  massive  white 
sandstone.  The  underlying  shale  and  sandstone  present  a  banded 
appearance,  a  feature  traceable  with  remarkable  uniformity  through 
the  entire  length  of  the  central  or  axial  basin.  The  upper  beds  in  the 
escarpment  are  of  vivid  red;  the  lower  part  is  mainly  of  a  dull 
greenish-gray  color  divided  by  a  narrower  band  of  red  similar  to  the 
brighter-colored  strata  above.  At  places  the  overlying  red  seems  to 
encroach  irregularly  upon  the  gray  beds  below,  but  on  close  inspec- 
tion it  may  be  seen  that  this  appearance  is  due  to  wash  and  slide  and 
to  the  stain  derived  from  the  overlying  material. 

The  view  given  in  PI.  IV,  5,  is  taken  from  the  summit  of  the 
cross-bedded  white  sandstone  ridge  at  the  south  side  of  Blue  Moun- 
tain, and  shows  the  structure  and  topography  of  that  part  of  the 
field.  The  structure,  as  explained  above,  is  that  of  the  southern 
margin  of  the  Midland  uplift,  with  southward-dipping  strata  of  the 
Jurassic  white  sandstone  in  the  foreground  and  the  Dakota  and  Ben- 
ton ridges  to  the  right  and  in  the  distance.  The  valleys  represent  the 
weaker  beds  that  have  been  eroded.  The  escarpment  in  the  back- 
ground to  the  left  is  that  of  the  "  red  beds  "  in  the  Midland  Ridge. 

Like  the  Raven  Park  uplift  this  fold  is  not  symmetrical  but  dips 
more  abruptly  on  the  south  than  it  does  in  other  directions.  It  is 
also  limited  on  the  noiih  by  a  still  higher  upthrust  of  similar  and 
related  structure.  The  Midland  fold  pitches  down  and  terminates 
abruptly  toward  the  west  within  a  mile  or  two  of  the  Colorado-Utah 
State  line.  Throughout  the  greater  part  of  its  extent  its  principal 
axis  of  flexure  lies  in  an  approximately  due  east-west  course,  par- 
allel to  the  larger  uplifts  of  the  Uinta  system  on  the  north.  The 
Midland  fold  extends  toward  the  east,  its  axis  bending  southward  in 
the  upper  valley  of  Wolf  Creek,  and  crosses  White  River  at  tha 


36  GEOLOGY  OF   RANGELY  OIL  DISTRICT,  COLORADO. 

mouth  of  that  creek.  In  this  portion  of  its  course  the  axis  conioniis 
to  the  trend  of  the  Raven  Park  anticline,  as  it  does  also  with  the 
prevailing  structures  of  all  the  flexures  southwest  of  this  region. 
Southeast  of  Wiite  River  the  Midland  fold  flattens  and  is  lost  to 
view  in  the  lightly  dipping  strata  of  the  high  plateaus  of  Tertiary 
strata  composing  the  interior  of  the  Grand  River  Basin  to  the  south. 

RED    WASH    SYNCLINE. 

The  Raven  Park  anticline  is  separated  from  the  Midland  uplift  by 
a  syncline  or  depression  of  the  rock  strata.  This  axis  of  depression 
enters  the  Raven  Park  district  from  the  east,  passing  approximately 
along  the  channel  of  '\Miite  River  in  the  vicinity  of  Angora  post- 
office.  From  this  point  it  follows  a  course  somewhat  north  of  west, 
crossing  the  valley  of  Red  Wash  along  the  eastern  margin  of  the  ter- 
ritory represented  on  the  niai).  It  there  i^roduces  a  broad  area  of  low. 
rolling  country,  where  lightly  dipi^ing  sandstone  ledges  of  the 
Mesaverde  formation  form  the  principal  outcrops  along  ridges  and 
gulch  sides.  The  varicolored  marls  of  the  overlying  Tertiary  beds 
remain  along  this  axis  in  AVhite  River  valley  and  extend  westward 
as  far  as  the  twelfth  auxiliary  guide  meridian.  The  axis  of  the  syn- 
cline rises  to  the  west  and  this  fold  consecpiently  narrows  in  that  di- 
rection. This  axis  may  be  readily  traced  westward  as  far  as  Willow 
Creek  as  a  clearly  defined  flexure  of  the  strata.  Beycmd  that  place, 
with  a  slight  confusion  of  dips  and  strikes,  as  has  been  explained  ( pj). 
»5»^>-;)4),  'the  strata  assume  a  li<i:hter  dip  and  the  syncdine  is  much  le>> 
marked.  It  may  be  traced,  however,  as  a  «!:entle  flexure  almost  as  far 
west  as  the  State  line,  wlieie  it  is  lost  in  the  same  coalescence  of  sub- 
ordinate structures  into  which  tlu*  liaven  Park  anticline  disap}>eai'>. 

DOUGLAS  CREEK   UPLIFT. 

The  Kaxcn  Pai'k  anticline  is  terminated  on  the  south  l)y  a  nam)\v 
and  rather"  abru[)t  syncline  separatinir  the  uplift  from  another  low 
anticlinal  struct ui-e  in  the  valley  of  Dou<j:las  Creek,  farther  .south. 
This  is  a  broad,  low  arch  of  fai*  ;L»'reater  areal  extent  than  the  Raven 
Park  f()l(L  but  of  less  intensity  oi'  ni)lift,  so  that  the  strata  expo.<ed 
at  th(^  crest  on  the  ei'odecl  ^ui'face  and  in  the  valley  bottcmis  are  mainly 
those  of  the  Mesa\er(le  formation.  It  occupies  chiefly  the  drainaL'r 
basin  of  Donirlas  Cieek,  a  broken,  >omewhat  roughly  mountainou- 
district  surroinuled  by  the  higher  (»scarj)nient  ridges  and  plateaus  oi 
the  Tertiary  strata.  This  broinl  ba>in  of  anticlinal  structure  extend- 
westward  approximately  to  the  State  line  in  the  vicinity  of  Di-agon. 
lUah,  and  is  terminated  on  the  south  by  the  high  suunnits  of  tlie 
divide  on  the  Roan  or  Book  ClilN  Plateau.  It  is  limited  on  the  ea-t 
by  the  high,  [)recipitous  wall  of  the  Cathedral   Bluti's.     The   are;d 
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extent  of  this  fold  is  estimated  as  at  least  250  scjuare  miles.  A  large 
part  of  this  district  is  coal  tearing,  and  it\nay  eventually  prove  to 
be  an  important  coal  field. 

This  uplift  lies  intermediate  between  the  Raven  Park  anticline  on 
the  north  and  the  uplifted  area  south  of  Grand  Kiver  which  forms 
the  northern  margin  of  the  Uncompahgi*e  Plateau.  It  thus  com- 
pletes a  north-south  series  of  dome  structures  which  constitute  a 
natural  separation  of  the  Grand  River  Basin  of  Colorado  from  the 
Utah  portion  of  the  Uinta  Basin,  a  feature  that  has  already  been 
referred  to. 

The  dips  on  the  flanks  of  this  broad,  low  fold  are  very  gentle,  but 
there  are  many  irregularities,  and  the  main  fold  is  not,  therefore,  so 
well  defined  nor  so  readily  discerned  as  the  simpler  uplifts  to  the 
north.    The  prevailing  dips  over  the  larger  part  of  the  district  are 
approximately  equivalent  to  the  grades  of  the  streams.    The  oldest 
strata  are  exposed  on  the  West  Fork  of  Douglas  Creek  about  3  miles 
above  the  X  Bar  ranch.    Hero  a  small  topographic  basin  is  eroded  in 
a  shale  that  clearly  belongs  near  the  l)ase  of  the  Mesaverde,  but  the 
writer  is  not  certain  whether  it  actually  occurs  below  the  lowest  sand- 
stone corresponding  to  the  "'  rim  rock ''  of  Raven  Park  or  is  just 
above  that  bed.     By  analogy  with  the  Rangely  field,  the  anticlinal 
structure  of  this  little  basin  may  l)o  considered  indicative  of  a  field 
favorable  to  prospecting  for  oil.    According  to  the  best  information 
obtained  by  the  writer,  however,  no  indications  of  oil  have  been  found 
at  the  surface  and  no  drilling  has  l)een  done  to  determine  its  pres- 
ence in  strata  below  the  surface. 

It  is  perhaps  important  to  note  that  the  whole  region  south  of  the 
fortieth  parallel  was  erroneously  mapi)ed  and  described  in  the  reports 
^f  the  Hayden  Survey  as  occupied  by  the  Wasatch  formation."  For 
this  reason  the  distribution  of  the  rock  formations  in  this  region  has 
not  been  correctly  represejited  in  other  publications,  nor  has  its 
probable  economic  value  as  a  coal  iield  been  a])preciated. 

UPLIFTS   IN  ADJOINING   REGIONS. 

Domes  or  anticlines  similar  to  the  Uaven  Park  uplift  occur  in  many 
places  in  the  Cretaceous  and  Tertiary  strata  west  of  the  Kocky  Moun- 
tains. Agency  Park,  the  valley  in  which  Meeker  is  situated,  is  eroded 
on  a  dome  that  closely  resembles  the  Raven  Park  fold  and  exposes  the 
same  formation  at  its  crest,  although  it  is  of  somewhat  greater  extent. 
A  number  of  similar,  though  less  conspicuous,  folds  occur  in  the  Dan- 
forth  Hills  north  of  Agency  Park. 

•EndHch,   S.  F.,  Itoport   oq  ^'t'ology   of  Wliit«'   Klv«r  district:   'IVntli  Ann.   Kept.    I'.   S. 
GeoL  and  Oeog.  Survey  Terr.,  1878,  pp.  G3-i:U. 
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An  anticline  similar  to  tlu»  Raven  Park  fold,  but  less  pronounced 
in  size  and  intensity  of  folding,  crosses  White  River  between  Raven 
and  Agency  parks,  at  White  River  post-office.  This  fold  is  of  some 
interest  as  a  prospective  oil  and  gas  field  and  is  described  on  page  48. 

The  Rock  Springs  uplift  in  southern  Wyoming  is  a  well-known 
feature,  similar  iji  form  although  of  considerably  greater  extent 
than  either  the  Raven  Park  or  Agency  Park  uplift.  The  Mancos 
shale  is  exposed  at  the  center  of  the  Rock  Springs  uplift,  as  in  the 
other  fokls,  surrounded  by  ridges  of  the  coal-bearing  Mesaverde 
formation. 

DISTRIBUTION     OF     STRATA     DEPENDENT     ON     INTENSITY     OF 

DEFORMATION. 

The  occurrence  and  distribution  of  the  Tertiary  formations  in  this 
general  region  is  largely  dependent  on  lack  of  disturbance  in  the  areas 
they  occupy.  They  are  found  in  the  interior  portions  of  the  major 
structural  l)asins,  and  in  their  horizontal  or  slightly  inclined  position 
they  constitute  the  high  plateaus  which  characterize  those  areas.  In 
normal  or  horizontal  position  these  beds  are  little  affected  by  the  dis- 
integi'ating  action  of  surface  waters  and  the  elements,  except  where 
subjected  to  the  actual  corrasion  of  the  streams,  and  in  such  places 
they  are  chiefly  cut  away  by  the  attrition  of  the  material  mechanically 
transported  over  them.  The  streams  cut  vertical  or  steej^-walled 
gashes  whose  sides  retreat  but  slowly  into  the  neighboring  uphmds. 
The  recent  geolo<j:ic  a<i:e  of  these  rocks  and  their  conse(iuent  position 
near  the  top  of  the  stratigraphic  column  usually  account  for  their 
entire  (lisai)pearance  over  areas  that  have  been  uplifted  even  to  a 
juoderate  (le<rree.  Their  softness  and  lack  of  coherence  has  cau>e(l 
them  to  l)e  removed  from  tlie  more  abrupt  portions  of  the  folds,  and 
their  outcrops  in  folds  or  tilted  positions  are  usually  occupied  by  low 
valleys. 

Both  the  Wasatch  and  (Ireen  River  formations  were  involved  in 
the  f()ldin<r  that  ])r()(luced  the  uplifts  that  have  l)een  described.  This 
is  shown  in  certain  favorable  localities  where  beds  of  the  younger 
gr()U])s  are  tihe<l  in  the  same  flexures  with  the  older  beds. 

FAULTS. 

So  far  as  has  been  observed,  faults  are  not  of  common  occurrence 
in  the  Ran^'cly  district.  A  j)()ssil)lc  fault  is  marked  by  an  offset  in  the 
line  of  li(>irl)acks  developed  on  the  "  rim  rock  "  at  the  u])per  end  of 
the  canyon  of  AA'hitc^  River  below  Raven  Park,  near  which  an  oil 
s])rinii-  was  discovered,  as  described  below.  Although  this  par- 
ticular locality  was  not  examined  with  sufficient  care  to  enable  the 
writer  to  reach  a  satisfactory  conclusion,  the  very  evident  offset  of 
/Jjo  lower  lu)<j:l)ack  rido;o>  is  thouirht  to  indicate  very  i)robably  a  minor 
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displacement.  Several  faults  in  the  Douglas  Creek  valley  showed 
vertical  displacements  up  to  200  feet  or  more,  but  these  are  south  of 
the  area  included  in  the  accompanying  map.  Extensive  faults  are 
described  along  the  major  axes  of  uplift  in  the  Uinta  Mountains,  but 
these  are  chiefly  north  of  this  area  and  probably  have  no  effect  on 
the  accumulation  of  oil  in  this  field. 

DKVEI.OP]VrKNT  OF  THE  Oil.  FIFil^B. 

DISCOVERY    OF  THE   OIL. 

Attention  was  first  directed  to  Raven  Park  as  an  oil  field  by  the 
discovery  of  an  oil  seep  in  a  spring  at  the  lower  end  of  the  park. 
This  spring  is  said  to  have  been  situated  on  the  north  bank  of  the 
river,  near  the  location  of  the  new  land-survey  corner  between  sees. 
5,  6,  7,  and  8,  T.  1  N.,  R.  102  W.  At  the  present  time  the  position  of 
this  spring  seems  not  very  well  known,  and  inquiry  as  to  its  location 
was  met  with  the  reply  that  it  is  probably  trampled  down  by  cattle 
and  its  flow  obscured  in  the  mire.  After  the  report  of  this  discovery 
a  number  of  companies  were  organized  among  the  local  residents  of 
Meeker  and  vicinity  to  prospect  and  develop  the  new  field.  The 
whole  field  is  now  covered  by  unpatented  locations  of  the  so-called 
"  oil  placer  claims,"  the  various  holdings  being  still  divided  under  the 
names  of  the  companies  by  which  they  were  originally  taken  up. 
The  total  area  thus  controlled  is  approximately  45,000  acres,  or  about 
70  square  miles. 

LOCATION  OF  CLAIMS. 

The  original  claims  were  staked  and  surveyed  from  the  accepted 
comers  of  the  old  land  surveys.  Since  their  location,  however,  a 
resurvey  of  the  whole  territory  has  been  authorized  by  Congress,®  and 
the  completed  plats  are  now  in  the  General  Land  Office  in  Washing- 
ton and  in  the  surveyor-general's  office  in  Denver.  It  is  the  general 
understanding  that  lands  filed  on  previous  to  the  completion  of  the 
resurvey  are  subject  to  patent  as  filed,  even  though  their  outlines  do 
not  conform  to  the  lines  or  corners  of  the  new  survey,  unless  it  shall 
be  mutually  agreed  by  all  parties  concerned  to  shift  the  boundaries 
to  correspond  to  the  reestablished  survey  lines. 

DESCRIPTION   OF  WELLS. 

The  first  well  drilled  in  the  field  was  known  as  the  Pool  well,  and 
was  put  down  in  the  summers  of  1901  a:  d  1902.  This  well  is  situated 
in  the  SE.  i  XW.  1  sec.  33,  T.  2  N.,  R.  102  W.  (new  survey).  In 
this  project  three  of  the  Meeker  companies  combined  interests  in 
6qual  shares  with  the  avowed  intention,  from  the  beginning  of  the 
work,  of  sinking  through  the  shale  to  reach  the  Dakota  sandstone. 

«  Act  approvpd  May  2S.  1004. 
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All  work  in  tlie  early  (levelopnients  was  planned  in  accordance  with 
the  erroneous  estimates  of  the  thickness  of  the  rocks  now  called  Man- 
cos  shale,  as  given  in  the  Hayden  reports.  The  Pool  well  was  drilled 
to  a  depth  of  2,130  feet,  although  an  oil-bearing  sand  with  a  flow 
said  to  have  been  a  barrel  or  so  a  day  was  struck  at  a  depth  of  750 
feet.  The  hole  became  crooked,  and  for  this  reason  it  was  finally 
abandoned  and  lost. 

Three  wells  were  sunk  by  the  Requina  Company,  of  Meeker.  The 
first,  knowm  as  Requina  No.  0,  was  drilled  in  1902  in  the  SE.  i  SW. 
i  sec.  21,  T.  2  X.,  R.  102  W.  (new  survey).  Oil  struck  at  a  depth 
of  480  feet  is  reported  to  have  yielded  a  flow  of  several  barrels  a 
day,  as  tested  by  the  bailer.  The  well  was  continued  to  a  depth  of 
GOO  feet,  when  it  also  became  crooked  and  was  abandoned.  The  fol- 
lowing notes  were  obtained  from  memoranda  kept  by  Maj.  L.  TT. 
Boutwcll,  who  was  present  at  the  time  the  work  was  done: 

Nov.  !.*{,  19()2:  Shut  down  at  Ke<]iiiiia  No.  0  on  account  of  broken  injector 
pump. 

Nov.  24,  1002:  Pump  repaired  ami  started  bailing  weU. 

Nov.  25,  1002:  Completed  bailing  of  well.  Total  result  was  six  water  tanks 
filled,  holding  5  barrels  each,  a  total  of  about  30  barrels.  This  would  indicate 
an  average  of  about  3  barrels  per  day. 

The  oil  obtauied  was  poured  out  on  the  ground  and  burned. 

The  Requina  No.  1  was  drilled  a  few  feet  distant  from  well  No.  0, 
which  had  just  been  abandoned,  striking  the  same  oil-bearing  sand 
at  tlie  same  depth.  This  work  was  done  in  100'2  and  1003.  Drilling 
was  (?ontinn(Hl  to  a  (le])lli  of  l.()SO  feel,  wlien  a  bailer  and  1,000  feet 
of  sand  line  weiv  lost  in  the  hole,  and  tliis  well  was  also  abandoned. 
When  ill  is  well  was  visited  on  August  10,  1007,  a  test  of  its  capacity 
was  in  ])rogress,  :i  ])nnip,  engine,  and  small  derrick  having  been 
tenij)orarily  installed  for  tliis  purpose.  The  oil  obtained  was  being 
buriKMl  under  the  steani  boih^r.  A  sample  of  this  oil  obtained  directly 
from  the  well  and  representing  the  fresh  product  has  been  analyzed 
1)V  Dr.  David  T.  Day.  of  the  Tnited  States  Geological  Survey,  and 
tlu*  i-esults  are  given  on  i)age  M). 

The  Kequina  \o.  '2  was  sunk  in  tlie  valley  close  to  the  channel  of 
Stinking  Cre(»k,  about  4  miles  north  of  White  Kiver,  in  the  NAV.  I 
XW.  [  sec.  20,  T.  2  N..  K.  102  W.  (new  survey).  AVork  was  done 
on  this  well  at  intei-vals  fi-oin  100:'>  to  lOOC).  At  the  time  of  vi.-il 
(August.  1007).  a  (len"ick  and  a  couple  of  driller's  cabins  were  still 
landing.  Reports  state  that  water  was  struck  at  a  depth  of  ^0  feel 
in  coarse,  gravelly  material,  which  is  said  to  have  been  the  base  of  the 
valley  wash,  or  *'  a(lol)c  "  overlying  '•  bed  rock."  This  water  is  almo>l 
certainly  the  underflow  of  Stinking  Creek:  no  water  has  ever  been 
sti'uck  in  any  of  the  wells  within  the  Mancos  shale.  It  is  reported 
that  some  gas  was  found  at  a  depth  of  about  400  feet,  but  that  no  oil 
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was  obtained  from  this  woU.  The  drilling  was  continued  to  a  depth 
of  2,5G0  feet,  but  was  finally  abandoned  because  of  the  accidental 
parting  of  the  casing  and  the  loss  of  several  hundred  feet  of  it  in  the 
hole. 

All  the  Requina  wells  were  drilled  with  the  intention  of  continuing 
through  the  Mancos  shale  to  the  Dakota  sandstone.  Each  hole  w^as 
lost  or  abandoned  through  accident. 

Two  wells  were  sunk  by  the  Meeker  Company,  also  of  Meeker. 
Both  of  the  wells  of  this  companj  were  drilled  to  the  first  oil  horizon 
and  discontinued  at  or  near  that  depth.  The  well  knowm  as  Meeker 
No.  1  is  situated  in  the  XW.  J  NW.  i  sec.  28,  T.  2  X.,  R.  102  W. 
(new  survey),  about  one- fourth  mile  southwest  of  the  Requina  w^ells 
Nos.  0  and  1.  This  w^ell  is  said  to  have  struck  oil  at  a  depth  of 
730  feet,  and  the  hole  was  drilled  to  a  total  depth  of  771  feet.  At 
present  the  site  is  marked  by  a  metal  tank  partly  filled  with  oil.  This 
well  is  said  to  have  shown  a  flow  similar  to  or  slightly  less  than  that 
of  the  near-by  Requina  wells. 

The  Meeker  Xo.  2  was  sunk  in  1903,  almost  exactly  1  mile  due 
east  of  the  Meeker  Xo.  1,  in  the  XW.  i  XW.  i  sec.  27,  T.  2  X.,  R. 
102  W.  (new  survey).  The  well  is  said  to  have  struck  what  were 
thought  to  be  the  same  oil-bearing  sands  as  those  found  in  the  wells 
already  described  at  a  depth  of  1,002  feet,  when  work  was  discon- 
tinued.   Xo  oil  was  obtained  from  this  hole. 

The  second  attempt,  by  combined  interest,  to  prospect  the  so-called 
"  deep  sands''  (meaning  thereby  the  supposed  oil  pool  in  the  Dakota 
sandstone)  was  made  in  1903  by  drilling  the  w^ell  know^n  as  the 
Union.  The  site  selected  was  on  the  northeast  side  of  Raven  Park, 
slightly  over  half  a  mile  from  the  '"  run  rock,"*  in  the  middle  of  the 
west  side  of  sec.  IG,  T.  2  X.,  R.  102  AV.,  near  the  quarter-section  corner 
of  the  new  survey.  The  adoption  of  this  site  w  as  based  on  an  applica- 
tion of  the  anticlinal  theory,  as  explained  on  page  34.  On  the  as- 
sumption that  oil  would  be  found  on  the  flanks  of  the  anticline 
and  that  gas  would  occupy  the  summit,  the  site  was  selected  near  the 
margin  of  the  basin,  a  location  giving  nearly  the  maximum  thick- 
ness of  the  shale  body  available  from  the  valley  to  be  passed  through 
before  the  Dakota  sandstone  could  be  reached.  This  well,  known  as 
the  first  Union,  was  commenced  in  1903  and  the  hole  drilled  to  a 
depth  of  1,300  feet.  Oil  was  found  at  a  depth  of  584  feet,  but  was 
cased  off  and  the  drilling  continued.  The  hole  w^as  finally  abandoned 
owing  to  the  loss  of  a  string  of  tools  due  to  collapsing  casing. 

The  second  Union  well  was.  put  down  on  approximately  the  same 
site  as  the  first,  striking  the  first  oil  sand  at  the  same  depth  as  before. 
This  well  was  also  commenced  in  1903  and  continued  at  intervals 
until  April  15,  1907,  when  the  rig  took  fire  while  still  at  Avork  and 
the  whole  surface  equipment  was  lost.     The  depl\\  <ii  N\\^  V^<^  K*^ 
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3,()55  feet,  and  the  well  is  said  to  be  still  in  <^(M)d  condition.  It  is 
cased  to  a  depth  of  2,974  feet  with  a  string  of  casing  made  up  of 
1,228  feet  8i-inch,  1,332  feet  GJ-inch,  and  4U  feet  5-inch.°  The 
following  is  a  record  of  the  strata  passed  through;  it  is  said  to  be 
somewhat  incomplete  on  account  of  the  destruction  of  a  part  of  the 
data  at  the  time  of  the  burning  of  the  rig: 

Rrconl  of  srrainl  Vuiim  well.  Raven  Park, 
[Sybert  and  Joe  Trachta,  drillers.  1 


Shale,  <iark,  at  bottom  of  which  small  oil-bearing  was  struck. 

Shale,  dark _. _ 

Shale,  light  colored 

Shale,  dark,  much  of  it  of  purple  color 

Shale,  very  light  colored,  drillings  being  uearly  white 

San<i,  shaly 

Shale,  dark,  with  line  lines  of  white,  very  rotten 

Sand,  flinty,  alternating  with  rotten  shale.. 

Shale,  dark- 

Shale,  blaok,  a  little  san<iy-- 

Shale,  hard,  black,  alternating  with  light-colored  shale 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

584 

J64 

816 

1.400 

200 

l.tiOO 

839 

2.4S9 

41 

2.4S0 

6 

2.48» 

194 

2,679 

68 

2.7S7 

343 

3,0» 

170 

8,230 

405 

3,055 

P'rom  the  manner  in  which  the  drill  was  worn  it  is  supposed  to 
iiave  penetrated  hard  sandstone  at  the  bottom  of  the  well.  This  bed 
is  locally  supposed  to  be  that  of  the  Benton  horizon  already  descril)ed 
(p.  15),  iyul  is  reported  to  have  contained  fossils,  none  of  which, 
however,  were  saved. 

In  the  summer  and  fall  of  1907  several  new  wells  w^ere  drilled  and 
some  of  the  older  wells  were  systematically  pumped  as  a  test  of  capac- 
ity, iiiider  the  supervision  of  Mr.  J.  II.  Hunt,  of  Ilay wards,  Cal. 
Of  the  older  wells  the  only  ones  available  for  the  test  were  the  Meeker 
No.  1  and  the  lie(niina  No.  1.  At  present  writing  (December,  1007) 
it  is  nnderstood  that  this  work  is  still  progressing  and  that  systematic 
j)rosj)ecting  of  the  field  will  be  j)uslied.  It  is  also  reported  that  fivo 
new  wells  have  been  drilled,  of  which  four  are  claimed  to  have  struck 
oil.  Mr.  Hunt  gives  the  following  statement  with  regard  to  his  work- 
in  the  field  : 

AIiop'tluT  uiy  oxprriiiKMits  juul  tests  show  that  oil  is  found  in  aU  the  wells 
('X((M>t  two,  ;it  (l(»pths  from  4(M)  to  7CK)  feet  below  the  surface.  The  wells  cover 
a  distance  of  alKiut  8  miles  from  north  to  south  and  li  miles  from  east  to  west. 
The  oil  is  of  a  nniform  character  and  In  all  wells  rises  to  the  Siime  level,  nj^ 
proximately  ;](;0  feet  below  the  surface.  Ry  continne<l  pumping  the  production 
increases.  tMc  formation  in  which  the  oil  is  found  is  sand  and  shale  mixed, 
v.iryin;:  in  thicUne.^s  from  a  few  feet  to  45  feet.  By  shcKHiug  with  nitro- 
^'lycerine  the  tlow  is  apparently  increased,  althonjrh  we  have  not  yet  experi- 
nientiMl  sntliciently  to  deti»rmine  the  size  shot  which  is  most  effective.  'The 
))r<nlnction  of  both  the  wells  shot  was  increased,  but  the  formation  is  so  lianl 
that  neither  well  was  caved  in.  indicating:  that  they  will  stand  a  still  heavier 
shot  without  dama^'e. 


Information  r«'<pivt<l  from  Mr.   Ilmry  .T.  Hay.  of  Meoker. 
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OCCURHEXCK   OF  TlIK   OIL. 

ATTEMPTED   APPLICATION   OF   THE  ANTICLINAL   THEORY   IN   THE 

RANGELY  FIELD. 

The  scientific  study  of  an  oil  or  gas  field  from  the  standpoint  of 
the  geologist  is  the  only  means  worth  consideration  by  which  the 
probable  presence  or  absence  of  these  substances  in  depth  may  l)e 
predicted  in  advance  of  actual  drilling.  In  such  a  stud}^  lies  the 
only  hope  of  eliminating  any  of  the  large  number  of  failures  and 
the  consequent  loss  of  capital  so  often  involved  in  random  drilling 
in  the  search  for  i)roductive  sites.  However,  no  geologist  or  mining 
engineer  can  yet  recognize  with  certainty  the  essential  criteria  that 
determine  productive  pools,  nor  can  he  say  even  in  a  well-known 
field  what  new  locations  will  prove  productive.  At  best  such  state- 
ments can  be  no  more  than  mere  probabilities.  In  a  new  field  conditions 
are  still  more  uncertain,  and  specific  knowledge  of  the  occurrence  of 
oil  can  be  obtained  in  no  other  way  than  by  actual  drilling.  An 
intelligent  study  of  the  geologic  structure  and  the  formations  is  the 
only  means  of  arriving  at  even  a  partial  understanding  of  the  occur- 
rence of  the  oil  or  gas. 

The  interests  that  have  controlled  the  prospecting  in  the  Rangely 
oil  field  have  been  for  the  most  part  local,  distributed  among  the 
older  residents  of  the  country,  who  were  personally  acquainted  with 
the  field  and  with  the  work  that  was  being  done.  All  of  the  pre- 
liminary drilling  seems  to  have  been  directed  by  an  intelligent  effort 
to  apply  the  structural  or  anticlinal  theory  of  the  accumulation  of 
oil  and  gas,  which  has  appeared  to  explain  so  successfully  some  of 
the  oil  pools  found  in  the  fields  of  West  Virginia  and  adjacent  States.*^ 

C.  A.  WTiite,  in  the  Hayden  report,  described  this  valley  as  eroded 
from  the  crest  of  an  anticline  or  dome  and  suggested  it  as  a  field 
favorable  to  the  location  of  artesian  wells,  should  they  ever  be  de- 
sired— a  prediction  which  he  also  stated  was  based  wholly  on  its 
geologic  structure.  With  the  discovery  of  oil,  the  prediction  of 
artesian  conditions  suggested  flowing  oil  wells.  The  anticlinal  struc- 
ture of  the  field  suggested,  further,  the  application  of  the  anticlinal 
theory  in  this  region.  Several  wells  have  now  been  drilled  to  con- 
siderable depth  in  search  of  the  Dakota  "  sands."  This  formation 
has  been  thought  to  fulfill  the  assumed  requirements  as  a  principal 
storage  reservoir  for  the  oil.  The  theories  on  which  these  assump- 
tions are  based  are  briefly  reviewed  in  the  following  paragraph.  In 
the  application  of  these  theories  the  estimates  of  the  Hayden  report 
for  the  thickness  of  the  Mancos  shale   (then  termed  Colorado  and 

•White,  I.  C.  Tho  Mannington  oil  field  [West  Virginia]  and  the  history  of  its  devel- 
opment: Bull.  CJpol.  Soe.  America,  vol.  3,  1802,  pp.  103-216.  The  geology  of  petroleum 
and  natural  gas :  Rept.  West  Virginia  Geol.  Survey,  vol.  1,  1899,  pp.  155-10.'. 
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lower  par(  of  the  Fox  Hills)  were  at  first  accepted.  The  figures  and 
sections  of  that  report  indicated  that  the  Dakota  would  be  found  at 
no  great  depth  in  the  valley  lands.  The  wells  that  have  been  drilled 
as  yet  have  failed  to  reach  the  base  of  the  shale  and  it  is  now  clear 
that  the  first  estimates  of  its  thickness  were  far  too  small. 

It  is  undoubtedly  true  that  in  many  or  most  oil  fields  some  well- 
defined  relationship  exists  between  the  structure — that  is,  anticlines 
and  syndines  in  the  strata — and  the  distribution  of  the  oil  pools.  It 
is  probable  also  that  this  relationship  is  not  so  simple  as  exponents  of 
the  anticlinal  theory  from  time  to  time  have  been  led  to  believe. 

After  the  discovery  of  the  oil  spring,  attention  was  attracted  to 
liaven  Park  as  an  oil  field  by  the  suggestion  of  its  quaquaversal  * 
structure,  which  has  been  commonly  referred  to  locally  as  a  "  perfect 
anticline."  It  w^as  at  once  inferred  that  in  this  area  were  to  be  found 
the  ideal  conditions  for  the  accumulation  of  a  large  body  of  oil,  ac- 
cording to  the  postulates  of  the  anticlinal  theory.  The  conditions 
assumed  by  the  anticlinal  theory  as  controlling  the  accumulation  of 
oil  and  gas  are  briefly  as  follows: 

(a)  Porosity  of  a  reservoir  rock,  which  is  commonly  a  stratum  of 
sands-tone  or  sandy  rock,  capable  of  containing  the  oil  supply  in  the 
interstices  between  the  sand  grains.  This  is  generally  known  as 
an  oil  sand  and  is  in  many  places  of  sandy  composition,  although  it 
may  be  a  fractured  shale,  or  even  limestone,  sufficiently  porous  to 
jillow  the  accuniulatioii  of  oil. 

(h)  An  impervious  cover  or  caj)  rock  to  serve  as  a  seal  and  prevent 
the  escape  of  the  oil  and  gas  in  an  upward  direction. 

(r)  (Jeolo^ic  structure  or  folds  in  the  rock,  favoring  the  accumula- 
tion of  the  oil  and  gas  in  certain  localities  bv  draining  these  sub- 
stances from  more  extensive  areas  of  adjoining  beds  less  favorably 
situated  for  their  retention. 

{(/)  Saturation  of  the  rocks  by  ground  water,  on  wdiich  the  oil  will 
move  1)V  reason  of  its  lighter  specific  gravity,  and  therefore  he  forced 
into  the  ii])])ei'  ])arts  of  the  folds — that  is,  toward  the  crests  of  the 
anticlines. 

Oil  and  gas  are  connnonly  found  together.  According  to  this 
theory  the  gas  may  be  expected  above  the  oil.  It  is  most  frequently 
found  in  the  civsts  of  the  anticlines.  Small  folds  or  irregularities  in 
tJH^  lock  stincture  may  hold  some  of  the  gas  farther  down  the  Hanks 
of  the  anticlines,  or  even  in  parts  of  the  synclines;  or,  as  another 
condition,  less  j)ernieabl(»  ])()rti()ns  of  the  reservoir  stratum  may  also 
inii)rison  both  the  oil  and  gas  below  the  smnmit  of  the  fold. 

This  theory  is  bjised  on  the  assumption  of  the  presence  of  water  in 
the  oil  sand.     Kx])erience  has  shown,  however,  that  although  partial 


"  *'  Dip  of  s(rata  in  nil  dirrctions  away  from  a  renter." — White,  ('.  A.,  Tenth  Ann.  Kept 
r.   S.  (ic()\.  and  ileou.  Svwvey  'Vovw,  VSlH,  lootuote,  p.  4l2. 
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saturation  is  the  condition  most  generally  encountered,  yet  at  a  great 
many  places,  in  both  the  eastern  and  the  western  oil  fields,  no  water 
is  present.  These  conditions  present  many  modifications  of  the 
original  theory.  Thus  the  oil  may  be  found  almost  anywlK»re  with 
reference  to  the  geologic  structure,  its  position  in  many  localities 
apparently  depending  largely  on  the  presence  or  absence  of  ground 
water.  The  places  of  accumulation  in  dry  rock  are  thought  to  be  at 
or  near  the  bottom  of  the  synclines,  or  the  lowest  point  of  the  porous 
medium,  or  at  any  point  where  the  slope  of  the  rock  is  not  sufficient 
to  overcome  the  friction  that  retards  the  movement  of  the' oil.  In 
porous  rocks  only  partly  filled  with  water  the  oil  probably  accumu- 
lates at  and  just  above  the  ground- water  level,  or  above  the  level  of 
saturation.  This  level  may  be  fairly  constant  in  one  basin  or  struc- 
tural feature,  but  probably  varies  greatly  in  diflferent  basins  or  in 
different  sands  in  the  same  basin.  As  most  of  these  considerations 
depend  on  the  position  of  the  ground  water  and  its  relation  to  the 
oil,  they  do  not  seem  to  apply  to  a  discussion  of  the  oil  as  it  is  found 
in  the  Rangely  field. 

In  the  first  attempted  application  of  the  anticlinal  theory  to  the 
Rangely  field,  it  was  pointed  out  that  the  Mancos  shale  (then  known 
as  the  Colorado  and  Fox  Hills)  would  furnish  the  required  imper- 
vious cap  rock.  The  Dakota  sandstone,  locally  referred  to  as  the 
Dakota  "  sands,"  was  assumed  to  form  the  requisite  porous  stratum 
for  the  storage  of  the  oil.  Attention  was  called  to  the  fact  that 
White  had  already  predicted  that  the  Dakota  would  be  a  source  of 
artesian  water,  and  this  water  was  therefore  expected  to  provide  the 
degree  of  saturation  required  to  cause  the  oil  to  rise  into  the  anticline 
and  to  afford  a  hydrostatic  pressure  which  it  was  supposed  would 
also  produce  flowing  wells.  The  spring  containing  oil  at  the  lower 
end  of  the  park  was  thought  to  be  a  seepage  from  this  reservoir  along 
a  somewhat  indefinite  fault.  (See  p.  38.)  The  first  wells  drilled  in 
the  field  were  therefore  put  down  with  a  view  to  penetrating  the  over- 
lying shale  as  far  as  the  Dakota  sandstone.  The  numerous  failures 
from  one  cause  and  another  to  accomplish  this  aim  have  been 
described. 

GEOLOGIC    RELATIONS    IN    THE   RANGELY    FIELD. 

The  wells  that  have  been  drilled  in  the  Rangely  field  have  discov- 
ered one  or  more  oil-bearing  sands  in  the  body  of  the  Mancos  shale. 
But  one  oil  sand  has  been  found  in  any  one  well,  and  there  seems  to  be 
a  rather  indefinite  belief  or  assumption  on  the  part  of  the  local 
operators  that  this  lies  everywhere  at  one  and  the  same  hoiizon.  If 
the  reports  of  the  depths  of  the  oil  sand  are  correct,  this  assumption 
does  not  seem  to  be  warrantable.    Any  single  horizon  at  the  depths 
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recorded  in  the  various  wells  would  not  accord  with  the  recognized 
general  structure  of  the  field. 

Records  kept  by  the  drillers  and  observations  at  the  outcrops  of 
the  Mancos  shale  show  the  existence  of  beds  of  more  or  less  sandv 
composition  at  various  horizons  within  the  formation.  The  well 
records  obtainable  are  incomplete  and  not  very  specific  in  their  de- 
scription. There  seems  to  be  considerable  uncertainty,  even  among 
those  who  are  most  familiar  with  the  work  as  it  was  done  or  who  have 
actually  done  the  drilling,  as  to  the  precise  nature  of  the  beds  in 
which  the  oil  was  found.  In  a  personal  communication  Mr.  Henry 
J.  Hay,  of  Meeker,  states : 

As  to  the  thickness  of  the  oil  sand  I  can  not  say  exactly.  Sybert,  who  drilled 
the  Union  to  the  first  sand,  thought  not  over  2  feet,  and  perhaps  less;  bat 
Trachta  thinks  it  Is  greater.  No  other  sand  beds  were  found  except  in  the 
Union  well. 

The  following  note  was  received  from  Mr.  Joseph  Trachta,  who  has 
had  charge  of  most  of  the  drilling  in  the  field : 

In  regard  to  the  layer  where  they  strike  the  ui^ier  strata  of  oil  I  wish  to  say 
that  it  is  not  a  sand  layer.  It  is  a  hard  gritty  shale.  It  is  much  grittier  than 
the  other  shale.  It  looks  very  much  the  same  all  the  way  through,  only  a  little 
darker.  The  gritty  shale  I  speak  of  is  about  100  feet  thick  and  you  strike  oil 
through  that  100  feet  somewhere.  The  same  gritty  shale  will  not  decomiwse  to 
clay  as  quickly  as  the  other  for  the  reason  that  it  is  harder,  but  is  not  like 
the  sand  we  struck  at  the  bottom  of  the  T'nion  well,  for  that  was  Siind. 

The  quotations  given  above  are  at  j^reseiit  the  only  available  de- 
iscri2)tioiis  of  the  nature  of  the  beds  that  contain  the  oil  as  they  have 
been  eiicoiinteixMl  in  the  wells. 

The  ()il-l)eai-iiig  sands  of  the  Kaiigely  field  are  2)robably  more  in 
the  nature  of  lenses  foi-niing  coni2)letely  inclosed  and  isolated  resor- 
voii-s  than  of  ''  pools  "  in  the  sense  implied  by  the  anticlinal  theory. 
This  conchision  is  based  niaiidy  on  a  study  of  the  general  chai'adei- 
istics  of  the  strata  observed  at  their  outcrops,  for  the  small  amount 
of  well  drilling  that  has  l)een  done  in  the  field  has  not  supplied  suf- 
ficient data  from  which  to  determine  this  feature.  The  lenticular 
character  of  almost  all  the  individual  beds  ol)served  along  the  out- 
cr()j)s  of  the  Mancos  and  associated  formations  is  sti'ong  presumptive 
evidence  of  their  similar  discontinuity  in  dej^th.  Like  all  the  minor 
ineinl)eis  of  the  Cretaceous  strata  in  general,  particular  beds  aa' 
found  to  thicken  and  thin  from  place  to  place  along  their  outcrojJ^ 
or  even  to  (lisa])pear  entirely,  some  of  them  vei'v  abi'uptly.  although 
the  features  which  characterize  these  ])articular  beds  recur  at  many 
places  at  what  a])pears  to  be  the  same  horizon,  over  widely  extended 
areas.  This  irregularity  of  bedding  is  more  marked  in  the  smaller 
or  thinnei"  strata  tlian  in  tlie  more  ])rominent  members. 
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Sandy  beds,  or  even  strata  of  fairly  massive  sjuulstone,  aiv  known 
to  occnr  along  the  ontcrop  of  the  Maneos  shale  at  some  hK'alities  out- 
side of  Raven  Park.  ^\.n  example  may  be  noted  in  Aginiey  Park, 
Avhere  such  sandy  beds  form  a  minor  hogback  in  the  valley  of  Maneos 
shale.  Similar  beds  are  present  in  the  upper  valley  of  Coal  Crin^k 
east  of  '"  The  Transfer,"  in  eastern  Rio  Rhuico  County.**  So  far  as 
known  there  are  no  beds  in  the  Raven  Park  district  as  prominent  as 
these  just  cited.  From  the  descriptions  of  the  well  drillers,  how- 
ever, it  is  assumed  that  some  minor  beds  of  this  character  do  occur. 
In  all  of  this  discussion  it  is  recognized  that  the  zones  of  o'l  accumu- 
lation commonly  referred  to  as  sands  may  not  be  true  sands,  but 
merely  porous  strata  of  any  constitution  in  which  the  oil  can  gather. 
The  variability  and  discontinuity  of  the  rocks  described  are  not, 
however,  confined  to  any  one  particular  feature,  such  as  their  sandy 
composition,  as  has  frequently  been  observed  in  the  field,  but  seem  to 
be  shown  no  less  by  all  other  physical  characteristics  and  therefore 
probably  apply  with  equal  certainty  to  the  feature  of  porosity. 

The  oil-bearing  sands  that  have  been  struck  have  been  entirely 
free  from  water  and  apparently  from  the  influence  of  any  hydro- 
static pressure.  The  body  of  the  shale  itself  appears  to  be  wholly 
barren  of  water,  to  which  it  seems  to  offer  an  impervious  barrier. 
If  the  oil  bodies  of  the  Rangely  field  are  in  truth  contained  in  isolated 
or  completely  inclosed  reservoirs  they  can  hardly  be  expected  to  ex- 
hibit artesian  conditions  to  any  marked  degree.  If,  however,  a 
tilted  reservoir  is  tapped  somewhere  below^  the  upper  surface  of  its 
contained  oil  this  fluid  would  of  course  seek  its  level  in  the  opened 
well,  or  might  even  be  forced  higher  by  a  pressure  of  gas  confined 
in  the  reservoir  above  the  oil.  In  any  cast*,  it  s(?ems  clear  that  what- 
ever artesian  conditions  may  exist  in  the  Dakota  sandstone  or  Ih»1ow 
that  stratum,  they  are  confined  beneath  the  main  lK>dy  of  the  imper- 
vious Maneos  shale  and  do  not  affect  the  distribution  of  the  upper 
oil  bodies. 

'  The  presence  of  oil  in  the  Dakota  sandstone  appears  to  \h*  a 
problem  of  purely  speculative  nature  which  can  Ik*  proved  oidy  by 
the  drill.  Xo  evidence  of  oil  has  ever  \)een  found  in  the  outcrop  of 
the  Dakota  IxhIs  in  the  neighborhfKxl  of  the  Rangely  fiehl.  The 
inference  of  its  presence  in  thr>se  lieils  is  therefore  baM'il  entirely 
on  the  supixisition  that  their  i-onstitution  offers  a  n**4'rvoir  par- 
ticularly well  adapted  to  oil  accunndation.  This  is  entin'ly  within 
the  bcMind-  of  pr>s>ibility,  as  is  also  the  existence  of  art#*sian  ron- 
ditions  in  vi<*w  of  the  structure  and  exjK^sure  of  the  Dakota  -trata 
in  the  appan^ntly  favorable  catchment  area  at  the  south  side  of  Rlue 

«  niii-irar*-*!  m  tjj«-  «r'/»*  m-<iIou  publi»b<-«l  mith  tb*-  yi^-*A*nf\i:  tump  of  thai  4i*»rl'.-t.  in 
Bull.  r.  S.  *j^,\    rtijrv«'>    No.  MTt.  Uftfl,  11.   III. 
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Mountain.     Oil  is  reported  as  occurrin/j^  in  the  Dakota  sandstone  at 
Turkey  Creek  and  hear  Golden  City,  in  the  Denver  Basin.* 

THE  WHITE  RIVER  FIELD. 

In  connection  witli  a  discussion  of  tlie  occurrence  of  oil  in  the 
Ran^ely  Held,  it  is  interesting  to  note  that  some  indications  of  a 
siniihir  fiekl  have  been  noted  on  Blacks  Gulch,  40  miles  east  of 
Ran^ely  in  the  White  River  valley.  Blacks  Gulch  opens  into  White 
River  from  the  north  20  miles  below  Meeker.  It  is  near  the  crest  of 
a  minor  anticlinal  fold,  the  longer  axis  of  which  crosses  Wliite  River 
in  a  north-south  direction  near  the  mouth  of  Piceance  Creek  at 
White  River  post-office.  This  fold  is  a  low  dome  of  the  rocks,  ex- 
posing the  Wasatch  strata  at  the  surface,  surrounded  by  escarpments 
of  the  (ireen  River  formation  on  all  sides.  The  dips  are  all  light, 
being  about  8°  toward  the  east,  increasing  to  10°  or  so  south  of  the 
river  and  to  about  5°  toward  tlie  west.  Gas  is  said  to  have  been 
found  by  Tom  Scarritt,  a  cowboy,  by  the  accidental  igniting  of  a 
small  flow  from  a  lighted  match.  A  small  derrick  was  set  up  and 
a  hole  drilled  to  a  depth  of  400  feet  and  abandoned.  According  to 
reports,  a  second  well  was  sunk  about  half  a  mile  failher  up  the 
gulch.  Here  at  a  det)th  of  o^S  feet  gas  Avas  struck  under  such  pres- 
sure that  the  derrick  was  destroyed  and  the  driller  seriously  injured. 
The  gas  hiirucd  with  a  blue  flame  and  under  mlicli  pressure  for  six 
months,  when  it  stopped  abruptly.  The  fact  that  the  tools  have  been 
left  in  the  hole  leads  to  the  sui)position  that  it  became  suddenly 
bloclvcd.  (las  is  also  said  to  he  issuing  along  this  same  anticline 
south  of  the  river,  at  the  locality  known  as  Alkali  Flats.  So  far  as 
known  no  oil  has  yet  ix'cn  obtained  in  this  field.  It  resembles  the 
Kangely  Held  only  in  its  geologic  structure,  the  strata  being  of  much 
later  age  and  ovei'lying  by  many  thousands  of  feet  the  oil-bearin<.^ 
beds  of  the  Rangely  district. 

COMPARISON    WITH   OTHER   KNOWN    FIELDS. 

Oil  has  been  found  ai  a])j)roxiinateIy  the  same  geologic  horiztm  as 
in  the  Kangcly  district  in  a  number  of  lields  of  this  same  general 
region,  notably  in  other  pa  its  of  Colorado  and  in  Wyoming.  Among 
these  may  l)e  citiHJ  the  Florence  and  l)Oulder  lields/'  and  some  flows 
or  seei)s  in  the  eastern  j)art  of  Ivoutt  County,  Colo.  In  Wyoming 
a  basin  similar  to  the  Kaven  Park  basin  in  structure  and  topography 
has  been  prospected  east  of  Kock  Springs,  on  the  Union  Pacific  Rail- 
I'oad.     It  is  understood  that  the  work  at  that  locality  was  undertaken 

•  I.ak.'s.   Artliiir.   oil    in   ( '<.l..ia«l.)  :    >nn<-s  .-mcl  Miiicnils.   vol.   22.   1002.  p.  2r>7. 

'' Ft-nnoiimii.  X.  M..  'I'h.  I'.ould.r  ( ( 'olor.-ni.  i  <,il  tjohl  :  null.  I'.  S.  (;<'<»!.  Survey  N...  2i:i, 
I'.x)-,.  p|).  ::22-:'.:!j  :  Hull.  No.  tjTk  1004.  pp.  :;83 -301 ;  The  Florence  ^Colorado)  oil  field: 
Bull.  No.   200,   1000.   pp.    lUO-440. 
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wrholly  from  the  suggestion  of  the  anticlinal  structure  of  the  field. 
A^lthough  several  holes  were  sunk  to  a  considerable  depth  in  the  Man- 
gos shale,  it  is  said  that  neither  oil,  gas,  nor  water  was  found  in  that 
ormation.     Occurrences  of   oil   in   Uinta   County.   Wyo.,  some  of 

Fhich  are  at  a  horizon  analogous  to  that  of  the  Rangely  oil,  are  de- 
ribed  by  Veatch  and  Schultz." 
It  has  been  suggested  by  some  of  those  interested  in  the  Rangely 
leld  that  conditions  here  may  be  held  to  be  more  comparable  with 
hose  of  the  California  fields  than  with  those  of  the  oil  fields  of  the 
jastem  United  States.     It  is  believed,  however,  that  this  view  is  not 

ell  founded.  The  California  fields  are  of  great  complexity  of 
tructure,  the  oil  occurring  in  almost  every  conceivable  structural 
ituation — along  faults,  in  synclines,  or  in  anticlines — and  it  is 
hought  that  no  clear  understanding  has  yet  been  reached  of  the 
conditions  controlling  the  accumulation  of  oil  in  certain  beds  there. 
^o  direct  relationship  can  be  traced  to  the  situation  in  the  Rangelv 
leld. 

It  has  also  been  suggested,  and  probably  with  more  reason,  that  the 
langely  field  may  be  compared  to  the  Kansas-Oklahoma  oil  and  gas 
ields.^  In  those  districts  the  oil,  though  occurring  in  a  much  older 
ormation  geologically,  is  said  to  be  found  in  sandstones  interbedded 
svith  shale,  in  lenticular  bodies  or  completely  inclosed  reservoirs.  The 
^ologic  structure  of  those  fields  is,  however,  much  more  simple  than 
hat  of  the  Rangely  field,  being  that  of  a  fairly  uniform  monocline, 
Nrith  a  northwesterly  to  westerly  dip  of  about  20  to  25  feet  per  mile. 

QlTAIilTY  OF  1  HK  OILi. 

PHYSICAL  PROPERTIES. 

The  color  of  the  Rangely  oil  is  clear  light  red,  with  strong  green 
iuorescence,  closely  resembling  that  of  many  of  the  Pennsylvania  oils. 
Jthough  perhaps  slightly  darker  than  the  average.  Its  odor  is  like 
hat  of  kerosene,  much  resembling  that  of  a  refined  oil.  It  is  ap- 
larently  free  from  sulphur.  The  specific  gravity  of  the  crude  oil 
rom  Requina  well  Xo.  1  is  0.8002,  or  44°  Baume.  It  would  there- 
ore  be  described  as  a  very  light,  thin  oil. 


•  Veatch,  A.  C,  Coal  and  oil  In  UJnla  County.  Wyo.  :  Bull.  U.  S.  Geol.  Survey  No.  2Hr.. 
906,  pp.  331-353 :  Geography  and  geology  of  a  portion  of  southwestern  Wyoming,  with 
pecial  reference  to  coal  and  oil :  I'rof.  I'apcr  V.  S.  Geol.  Survey  Xo.  5G,  1JM)7.  Schultz. 
..  B.,  The  Labarge  oil  field,  central  T'inta  County,  Wyo. :  Bull.  U.  S.  Geol.  Survey  No.  340, 
908. 

*  Adams,  G.  I.,  and  others,  Economic  geology  of  the  lola  quadrangle.  Kansas:  Bull. 
'.  8.  Geol.  Survey  No.  23S,  1004.     S<'hrader,  R  (\,  and  Ilaworth,  R,  Economic  geology 

the  Independence  quadrangle.  Kansas :  Bull.  U.  S.  Geol.  Survey  No.  296,  1906. 
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CHEMICAL  PROPERTIES. 

An  analysis  of  the  Rangely  oil,  reported  as  made  by  the  Standard 
Oil  Company,  and  already  used  in  the  published  notes  and  descrip- 
tions of  the  Kan<rely  field,  is  as  follows: 

Analj/xis  o/  liaiiyvfi/  <nL 
I  Uy  Slandard  Oil  Company.] 

Crude  oil,  gravity,  43.0°  HaiiUR';  burns  at  tK)°.  Percent. 

Ligiit  naplitlm,  gravity,  70.3°   Kaunie 7 

Heavy  iiai)btha,  gravity,  01.1°  Kaume V2 

lUuminating  oil,  gravity,  -15.1°  HauiiK';  Hashes  at  1)0°:  l)unis 

at  110° 00 

rarafJin,  gravity,  3li.8°  Kaunie 2M 

Colve  ami   waste 1 

Tlie  oil  is  fret*  tnmi  suli)bur  c-oini>ouiids. 

A  sample  of  the  oil  collected  fresh  from  the  pump  that  was  run- 
ning at  the  Kequina  No.  1  well  on  August  19,  1907,  was  distilled  by 
Dr.  David  T.  Day,  of  the  United  States  Geological  Survey,  giving 
tlie  following  results: 

Amili/si.s  i.f  Uanyvfy  <tU  from  Hrtiiiina  Ao.   /  icctl. 

I  r.y   David  T.   Day. J 

Initial  boiling  point,  48"  C.  ivrrmt. 

(ijisnlliu'  ami  najilitlia   (below  ITiO"  ('.),  si>ec*itic  gravity  o.OS i2.~> 

lllnnunating  oil  (l^o'  ( '.  to  :UMr'  (\),  spe'-itic  gravity  O.T.M \rt 

liosidno    (abovo  :UK)     C.) '21 

Loss '.\ 

'I'bo  oil  contains  no  water.  'I'bo  rosidno  contains  nnicli  paratlin  wax,  and 
tbcrc  is  no  asjibait  in  tbc  sample. 

A\  ATi:U  SI  PIM.V  OF    lllK   HAVKN    PARK   DISTIMCT. 

GENERAL. 

The  (nicstiou  of  water  siij)])Iy  is  ini[)()rlant  to  all  interests  in  Kaven 
Pai-k  and  vicinity,  whethei'  cnga^icd  in  agriculture,  stock  raising,  or 
the  (level()])iiieiit  of  natural  i-csources.  The  annual  rainfall  is 
small,  and  the  climate  may  he  desci'ihed  as  scmiarid.  West  of 
the  Rocky  Mountains  the  aridity  of  this  plateau  province  becomes 
more  and  more  ])ronounced  away  from  the  higher  mountain  nuisses. 
and  Kaven  Park  may  be  said  to  lie  on  the  border  land  between  the 
badlands,  or  more  typically  desert  regions  farther  west,  and  the  pro- 
ductive basins  and  valleys  of  the  mountain  foothills.  A  great  ext(MU 
of  pasture  lands  of  much  value  to  stockmen  is  available  here  only 
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as  a  winter  range  when  the  snow  lies  on  the  ground,  being  wliolly 
destitute  of  water  during  the  summer  season.  This  is  especially  true 
of  the  territory  south  of  Raven  Park  and  west  of  Douglas  Creek, 
locally  known  as  the  ''  park  country  "  and  designated  on  some  of  the 
maps  Eabbit  Hills. 


AVAILABLE  SUPPLIES. 

Near  the  Rangely  district  only  White  River  and  two  of  its  prin- 
cipal tributaries,  Douglas  Creek  and  Spring  Creek,  retain  water  in 
their  channels  throughout   the  year.     In   drier  seasons  both   these 
creeks  are  said  to  dry  up  in  the  summer,  although  they  have  flowed 
continuously   for  the  last  two  seasons.     The  water  supply  of  the 
Raven  Park  settlement,  both  for  domestic  use  and  for  irrigating  the 
land,  is  taken  from  White  River,  which  flows  with  a  good  volume 
and  a  moderately  swift  current  throughout  the  year.     The  stream 
has  a  normal  width  through  Raven  Park  of  2  to  4  chains,  or  an  aver- 
age of  about  200  feet.    It  pursues  a  meandering  course  through  the 
bottom  lands,  but  has  a  number  of  slight  rapids  or  riffles  over  bowlder 
and  gravel  bottoms.     Its  average  rate  of  fall  across  the  park  is  about 
12  feet  per  mile  in  a  straight  course  down  the  valley,  and  about  the 
same  in  the  canyon  above  the  park.     Recent  gagings  of  AATiite  River 
by  the  United  States  Geological  Survey  are  quoted  in  the  following 
tables :« 

Discharge  mca.su  rem  cut  s  of  White  River, 

At  Meeker,  Rio  Blanco  County.  Colo. 

j              At  Ignacio.  T'inta  county,  Utah.* 

Date. 

Width 

of 
river. 

Area 

of 
cross 
sec- 
tion. 

Mean 
veloc- 
ity. 

Gage 
height. 

Dis- 
charge. 

Date. 

Width 

of 
river. 

Feet. 
72 
73 

80 

89 
72 

Area 

of 
cross 

sec- 
tion. 

Sq.ft. 
184 
198 

506 

031 
285 

Mean 
veloc- 
ity. 

Gage 
height. 

Dis- 
charge. 

1906. 

(May  17 
bfay  22 
Slay  31 
gune    8 
June  23 

July    3 

July  24 
;Aug.  10 
Aug.  20 

Feet. 

79 
79 

78 
78 
78 
78 
78 

78 

78 
78 
78 

Sq.ft. 

267 
240 

326 
380 
343 
336 
310 

267 

187 
167 
172 

Ft.  per 
see. 

3.67 
3.11 

6.42 
8.57 
6.1^1 
6.69 
6.41 

3.76 

3.48 
2.11 
2.1,') 

Feet. 

4.60 
4.39 

5.50 
6.15 
5.65 
5.55 
5.47 

4.60 

4.05 
3.&3 
3.90 

See.- 
feet. 

980 
747 

2.097 
3.256 
2.383 
2.249 
1.988 

1.014 

651 

369 

1906. 
Apr.  17 
Apr.  18 

May  13 

June  24 
July  19 

Ft.  per 
see. 
3.19 
3.43 

4.56 

3.10 
3.27 

Feet. 
3.60 
3.78 

6.60 

6.20 
i.28 

Sec- 
feet. 
687 
679 

2.906 

1.C55 
831 

»  Discharge  measurements  at  regular  stations ;  estimated  monthly  run-off  based  on  daily 
readings  of  gsigo  height  for  stations  named. 
*  18  miles  northwest  of  Dragon,  Utah. 
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Estimated  monthly  discharge  of  White  River, 


At  Meeker. 


Date. 


Aprfl_. 
May- 
June-. 
July.. 


1906. 


August 

September- 
October 


Total  In 
acre-feet. 


37.400 
129,000 
151,000 
51,400 
22,800 
20,500 
18,000 


At  Ignacio. 


Date. 


April 

May „_ 

June 

July 

August 

September.. 
October 


Total  In 
acre-feet. 


47,801) 

•123,000 
13S.00O 
58,400 
88.600 
42.100 
34.400 


Whke  Eiver  has  its  principal  headwaters  in  the  wooded  "  Flat- 
tops "  of  the  White  River  Plateau,  70  or  80  miles  east  of  the  Rangdy 
field.  In  its  upper  course,  or  above  Agency  Park,  this  stream  is  nor- 
mally a  clear,  fresh  mountain  stream.  There  are  some  scattering  set- 
tlements and  irrigation  along  the  narrow  bottoms  in  this  upper  val- 
ley, but  the  volume  and  swift  current  of  the  river  at  that  part  of  its 
course  seem  ample  security  against  appreciable  deterioration  in  the 
quality  of  its  water.  In  Agency  Park  the  stream  enters  on  the  areas 
of  younger  and  less  consolidated  Cretaceous  strata,  and  from  this 
point  down  the  water  rapidly  loses  the  freshness  and  clarity  of  its 
upper  course.  Many  ditches  divert  water  for  irrigation  and  return 
it  to  the  stream  more  or  less  charged  with  alkaline  salts  from  the 
meadow  soils  and  in  practically  all  cases  considerably  polluted  by 
cattle  and  sui'face  refuse.  Tn  Agency  Park,  as  also  lower  on  its 
coTirse  (luring  wet  seasons,  the  tributaries  empty  heavily  charged 
alkaline  watei's  into  the  main  stream,  most  of  that  material  being 
leached  from  tlie  soils  of  the  younger  Cretaceous  and  Tertiary  strata. 

Below  Powell  Park  the  teiritoiy  drained  l)v  the  lateral  tributaries 
of  llie  main  stream  is  comj)osecl  on  tlie  north  of  badland  drains  of  the 
"  Crooked  AA'ash,"  or  Coyote  l)asiii.  and  the  valleys  of  Wolf  Creek 
and  Red  Wash,  with  numerous  other  smaller  drains.  From  the  south 
side  the  extensive  drainage  basins  of  Piceance  and  Yellow  creeks  and 
other  smaller  streams  fiom  the  Roan  or  Book  Clifis  Plateau  pour 
their  alkaline  waters  into  the  main  stream.  In  times  of  flood,  as  in 
the  sj)ring  and  early  suunner.  and  at  frecjuent  intervals  in  the  sum- 
mer months  during  the  brief  and  violent  storms  which  are  character- 
istic of  the  region,  all  of  this  lower  tril)utary  drainage  empties  a 
great  volume  of  thick,  nniddy  water  into  the  main  channel,  making 
the  river  water  much  of  the  time  liea\y  witji  mud  and  clay  and  surface 
refuse.  At  times  of  such  turbidity  the  river  water  has  a  foul  odor, 
suggestive  of  putrefying  llesh,  which  is,  however,  thought  to  come 
from  the  clay  that  is  suspended  in  the  moving  water.  Along  its  lower 
course,  in  the  vicinity  of  Raven  Park,  AVhite  River  seldom  runs  clear 
for  long  at  a  time.  The  constantly  recurring  storms  at  one  locality 
or  another  in  its  upper  valley  keep  its  water  in  a  condition  which  is 
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by  nature  distasteful  to  man  and  beast.  The  question  of  its  effect  on 
the  animal  system  is  open  to  much  conjecture,  and  with  increasing 
population  of  the  district  may  become  a  vital  issue. 

OBJECTIONABLE  FEATURES  OF  THE  WHITE  RIVER  WATER. 

1      Th(^  normally  distasteful  condition  of  the  river  water  during  most 

I  seasons  of  the  year  is  evidently  a  source  of  growing  complaint  among 

}  the  settlers.    A^Hiether  rightfully  or  not,  to  its  effects  have  been  attrib- 

I  uted  various  maladies  among  those  more  or  less  in  ill  health  who  are 

I  compelled  to  depend  on  its  use.     Its  most  apparent  objections  are  its 

;  turbidity   and  to   a   less  extent  perhaps  the  odor  which   seems  to 

j  accompany  this  condition  when  extreme.     This  turbidity  is  of  course 

j  due   largely   to   mechanically   suspended  sediment   that   settles  out 

i  readily  when  the  water  is  allowed  to  stand  undisturbed.     In  view  of 

.  this  fact  it  is  a  prevalent  custom  among  the  residents  to  dip  the  water 

i  first  into  a  settling  barrel  at  the  river  bank,  whence  the  supply  is  car- 

'  ried  from  time  to  time  to  the  houses  in  pails.     The  suspended  matter 

is  so  fine  and  sticky  that  its  removal  by  filtration  would  be  difficult. 

An  objection  hardly  less  evident  than  its  muddy  condition  to  those 

>  who  give  the  subject  any  consideration  is  the  constant  presence  of 

dead  and  putrefying  animals  in  the  tributary  channels  and  also  along 

the  main  stream.     In  a  country  so  largely  given  to  cattle  raising  it  is 

inevitable  that  many  dead  animals  must  constantly  lie  scattered  about 

the  country.     It  is  perhaps  an  unfortunate  instinct  that  leads  the 

sick  and  injured  animals  to  these  watering  places,  where  their  dead 

bodies  very  often  pollute  the  supply  for  all  the  rest  of  the  herd,  if 

not  also  for  human  use.     Flood  seasons  or  heavy  storms  sweep  the 

refuse  from  such  decay  into  the  main  stream.     It  is  said  that  in 

winter   great   numbers   of   cattle   break   through    the   ice    and   ftre 

drowned.     Their  bodies  then  lodge  in  the  stream  until  the  breaking 

up  of  the  ice  in  s2)ring,  when  they  are  passed  on  down  the  stream 

with  the  high  waters.     The  effect  of  such  decaying  matter  on  the 

water  as  a  whole,  though  very  unpleasant  to  consider,  is  perhaps  not 

\  yet  proved  to  be  essentially  harmful,  in  view  of  the  extreme  dilution 

^of  the  objectionable  matter  with  the  total  volume  of  water.     The 

;  organisms  of  decay  of  both  organic  and  vegetable  matter,  though 

often  offensive  to  the  senses,  are  not  necessarily  the  vitally  dangerous 

elements  of  a  polluted  drinking  water.     The  most  dangerous  elements 

to  human  life  are  certain  specific  germs  of  disease,  such  as  those  of 

cholera  and  typhoid,  which  propagate  and  spread  only  from  sources 

that  contain  those  germs  in  advance.     So  long  as  these  diseases  are 

absent  from  the  drainage  basin  of  AMiite  River  it  seems  fair  to 

assume  that  their  germs  are  not  contained  in  the  river  water. 

A  further  source  of  objection  may  be  found  in  the  fact  that  the 
river  water  itself  may  also  exert  a  harmful  influence  upon  the  human 
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system  by  reason  of  its  chemically  dissolved  constituents.  These  an 
clearly  present  to  a  rather  marked  degree,  so  that  the  water  is  de- 
scribed as  ^^  hard."  The  hardness  of  a  water  is  due  to  the  presence  of 
.  alkaline  carbonates  such  as  those  of  calcium,  sodium,  and  magnesium, 
or  to  the  alkaline  sulphates,  chlorides,  and  nitrate&  The  carbonates 
produce  what  is  known  as  temporary  hardness,  because  it  may  be 
remedied  by  boiling.  Water  containing  the  constituents  of  the  sec- 
ond group  is  permanently  hard— 4iiat  is,  it  remains  so  even  after  it 
has  been  boiled.  The  hardness  of  the  White  River  water  is  of  the 
permanent  kind. 

None  of  these  dissolved  constituents  are  of  ihe  nature  of  activdy 
poisonous  substances,  but  the  effect  of  the  water  on  persons  unaocus- 
tomed  to  it  or  to  other  similarly  hard  waters  is  pretty^dear  evidence 
of  a  certain  amount  of  activity.  Chemical  analyses  of  the  inorganic 
constituents  may  be  relied  on  to  define  very  dearly  the  nature  of 
these  dissolved  mineral  substances,  and  a  fair  estimate  of  its  prob- 
able effect  on  the  human  system  from  this  cause  only  may  be  ther^ 
obtained. 

With  this  purpose  in  view  a  sample  of  White  Biver  water  was 
colleeted  by  the  writer  from  the  main  stream  just  above  the  Bangely 
bridge  on  August  26, 1907.  The  water  at  that  time  was  in  a  some- 
what turbid  condition,  and  though  the  river  was  not  so  low  nor  the 
water  so  clear  as  it  had  been  at  times  during  the  month,  its  condition 
was  not  at  all  an  extreme  of  flood  or  muddiness,  and  the  sample  is 
considered  to  represent  a  very  fair  average.  This  water  has  been 
analyzed  in  the  laboratory  of  the  United  States  Geological  Survey 
at  Washington,  with  the  following  results: 

AnqJysis  of   Whitr  Rii^cr  irntrr  coUectcd  at   the  iron   hrUlgv,  RangcJyy   Colo., 

AnguHt  20,  1901, 

[By  R.  B.  Dole.] 

Parts 
per  million. 

Total  suspeiultNl  solids 5,000 

Total  (liSHolvod  solids  at  180°  V 400 

SUSPENDKD    MATTKB. 

Per  cent 

Insoluble  in  HCl  (sand,  clay,  silica,  etc.) 71 

Oxides  of  iron  and  alnminnm  (FezOaH-AM).!) 11 

Calcium    (Ca) .13 

Magnesium   (Mg) .05 

Sulphate  radicle  (SO*) ^ Trace. 

Organic  and  volatile  matter 10 

Undetermined 1.82 

100 
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i 

I 

DlSSOLVKl)    CONSTITrENTS. 

'  Parts 

per  million. 

Silica    (SiOa) 2() 

Iron    (Fe) ].  5 

Calcium    (Ca) GG 

Majrnesium    (Mg) 24 

Sodium  and  potassimu  (NaK) 35 

Carlumate  radicle   (NO3) 5.5 

Hicarl>onate    radicle    (HCO:) 104 

Sulphate   radicle    (SO4) 14G 

Chlorine    (CI) 9.3 

i  501.30 

;  There  is  apparently  no  poisonous  mineral  matter  in  the  water  in  sufficient 
quantity  to  do  any  harm.    The  su8i)ended  matter  is  very  high  and  is  of  such 

,  fine,  sticky,  or  *'  gumbo  "  character  that  its  removal  by  filtration  without  coag- 
ulant would  be  difficult.  The  sulphates  are  rather  high  and  calcium-sulphate 
scale  would  doubtless  result  from  the  use  of  the  water  in  boilers.  If  carefully 
filtered  the  water  would  be  sufficiently  good  for  domestic  use,  but  in  its  raw 
state  it  is  absolutely  unacceptal)le. 

USE  OF  ICE. 

It  has  been  an  established  custom  among  some  of  the  older  residents 
of  Raven  Park  and  vicinity  to  preserve  ice  from  the  river  in  winter 
for  their  summer  supply  of  drinking  water.  This  custom  has  several 
important  advantages  and  is  to  be  heartily  indorsed.  The  ice  is 
obtained  when  the  surface  of  the  river  is  covered  and  for  the  most 
part  securely  sealed.  Refuse  and  objectionable  matter  are  in  the 
main  frozen  also,  and  decay  is  arrested,  so  that  very  little  of  such  mat- 
ter can  gain  access  to  the  flowing  water,  or  if  it  does  it  lies  essentially 
inert.  The  water  at  this  time  is  derived  largely  from  melted  snow 
and  ice  collected  from  a  frozen  ground  surface  and  so  is  unusually 
free  from  the  alkaline  salts  which  enter  so  largely  into  its  composition 
in  the  summer.  The  process  of  freezing  itself  excludes  a  large  pro- 
portion of  the  chemically  dissolved  constituents.  It  is  well  known 
that  the  ice  formed  on  the  salt  water  of  the  ocean  includes  but  a  small 
percentage  of  the  normally  contained  salt. 

SPRINGS. 

Aside  from  White  River  itself  there  is  but  little  water  to  be  had 
over  a  rather  extensive  area,  especially  in  the  lower  valley  lands 
bordering  the  river  basin.  A  few  springs  are  known  among  the 
sandstone  ridges  bordering  Raven  Park,  and  a  number  of  them  are 
indicated  on  the  topographic  map  (PI.  I).  Some  of  these  are  of 
good  though  usually  hard  water.     The  following  list  gives  the  loca- 
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tion  of  those  that  are  best  known  or  that  were  found  in  the  present 
survey : 


i^prinffs  and  iratrr  hnlcft  in  Uavrn  Park  tUstrirf  away  from  Whitr  River, 

Name. 

Location. 

Remarks. 

Nate  Spring.    _ 

In  Nate  Spring  GiilHi.  sec.  34.  T.  3  N..  R.  102  W 

SE.  i  sec.  3.'),  T.  3  N.,  R.  108  W. 

Iron  Springr 

Not  very  good. 
Oood  water,  but  small 

Plat  Rock  Spring 

SW.  4  sec  20,  T.  3  N.,  R.  103  W -. 

Iron  Spring    _ 

!n  Chase  Gulch,  NW.  X  sec.  20,  T.  2  N.,  R.  101  W 

At  old  Mobley  post-ottice,  sec.  84,  T.  4  N.,  R.  100  W. 
Sec.  8.  T.  3  N..  R.  100  W _ 

How. 

Three  Springs 

Good  water. 

Box  Elder  Spring 

Skull  Greek 

At  Jones's  ranch,  sec.  1,  T.  3  N.,  R.  101  W              -    . 

Do. 

Red  Wash  Creek 

Willow  Creek 

Sec.  2,  T.  3  N.,  R.  102  W 

Sec.  12,  T.  3  N.,  R.  103  W 

Caraping  site  and 
stream:  good 
water. 

Good  water 

Small  stream. 

Sec.  35,  T.  4  N..  R.  104  W 

Cliff  Creek 

K  ranch,  sec.  23.  T.  4  N..  B.  104  W 

Beyond  the  southern  and  southeastern  niargms  of  the  district  here 
described,  springs  and  headwaters  of  streams  containing  excellent 
water  are  found  in  the  wooded  slopes  close  up  under  the  Cathedral 
Bluffs.  The  upper  courses  of  the  various  forks  of  Douglas  Creek 
are  fresh  and  clear  at  a  distance  of  30  miles  or  more  above  Raven 
Park. 

To  the  north,  along  the  southern  foot  of  Blue  Mountain,  as  indi- 
cated on  the  map  (PI.  I),  there  are  numerous  supplies  of  good  fresh 
wntor,  thougli  usually  in  springs  or  streams  of  small  volume.  These 
liavc  long  furnisliod  tlie  excellent  (•am2:)ing  sites  that  lie  along  the  old 
Uinta  trail,  which  follows  (ho  valley  from  the  Yamj^a  and  AMiite 
Kiver  territory  into  Utah,  forming  a  part  of  the  route  through  this 
country  to  Salt  Lake  City.  These  waters  arc  derived  from  the  vari- 
ous sandstone  strata  in  the  older  formations  that  flank  the  high 
l)latoau.  They  can  be  readily  traced  to  the  points  where  they  is.sue 
from  these  strata  in  the  form  of  s])rings.  hut  in  their  lower  courstv 
they  dry  up  soon  after  reaching  the  ()])cn  prairie  and  valley  lands. 

Above  Jones's  ranch  on  Skull  Creek,  in  the  XE.  ]  sec.  1,  T.  3  X.. 
E.  101  W.,  a  good  flow  of  water  issues  from  the  upper  beds  of  the 
Carboniferous  sniidstone,  which  underlies  the  l)rilliantly  banded 
strata  of  the  Midland  Eidge  escari)inent.  These  waters  are  rather 
strongly  charged  with  iron  and  sul[)hur,  but  were  found  very  agree- 
ai)le  to  the  taste  by  comparison  with  the  muddy  water  of  the  river 
l)elow. 

Box  Elder  is  a  camping  site  situated  on  the  main  wagon  trail  in 
the  middle  of  the  north  side  of  sec.  8,  T.  ?>  X.,  11.  100  W.,  about  2 
miles  southeast  of  Jones's  ranch.  A  spring  of  good  water  is  said  to 
issue  from  the  hogback  ledges  about  half  a  mile  above  this  place. 

At  Three  Springs,  which  is  east  of  the  area  shown  on  the  map,  on 
a  minor  fork  of  Wolf  Creek,  in  sec.  l>4,  T.  4  X.,  II.  100  W.,  the  water 
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issues  from  the  '*  White  Cliff ''  sandstone  (Jurassic)  capping  the 
brilliantly  banded  strata  of  the  Midland  Ridge  escarpment.  This 
is  a  well-known  locality  to  the  old  settlers  and  travelers  of  the  region. 
A  ranch,  formerly  the  post-office  Mobley  (now  discontinued),  is 
fiituated  by  one  of  the  springs.  The  springs  lie  north  of  the  main 
east-west  route  of  travel,  being  about  2^  miles  from  the  Yampa 
River-Utah  trail.  The  approach  from  Wolf  Creek  valley  is  over  a 
Bomewhat  rough  and  rocky  wagon  trail,  which  also  continues  north- 
ward and  is  one  of  the  routes  of  access  to  the  summit  of  Blue  Moun- 
tain. The  water  is  clear  and  cool  and  flows  with  very  good  volume 
|from  several  of  the  seeps  that  issue  along  the  hillside  within  a  dis- 
tance of  perhaps  half  a  mile. 

A  group  of  springs  is  also  found  in  the  NE.  J  sec.  2,  T.  3  N., 
R.  102  W.,  in  the  west  or  main  fork  of  Red  Wash,  at  the  point  where 
that  stream  crosses  the  same  Jurassic  sandstone  ("  White  Cliff  *') 
if  rom  which  the  water  is  derived  at  Three  Springs.  The  lowest  spring 
•of  this  group  is  one  of  considerable  size  and  flow  and  is  strongly 
charged  with  iron.  From  these  springs  water  flows  down  the  channel 
of  Red  Wash  for  only  a  short  distance,  soon  sinking  and  drying  up, 
except  in  wet  weather. 

The  springs  next  west  of  Red  Wash  are  those  that  form  the  head- 
waters of  Willow  Creek,  in  the  SE.  i  sec.  12,  T.  3  N.,  R.  103  W. 
Here  also  the  water  issues  from  the  "  White  Cliff  "  (Jurassic)  sand- 
stone, as  at  Three  Springs  and  on  Red  Wash.  It  gathers  in  two 
small  branches  in  the  valley  north  of  the  Dakota  hogback,  uniting 
into  a  single  stream  of  some  little  volume  as  it  crosses  the  wagon 
road,  but  sinking  soon  after  it  passes  out  into  the  valley  below. 

West  of  Willow  Creek  the  next  spring  water  found  along  the  Uinta 
trail  is  a  small  stream  issuing  from  behind  the  Dakota  hogback  2 
miles  south  of  the  K  ranch  and  near  the  Colorado-Utah  State  line, 
in  the  SE.  i  sec.  35,  T.  4  N.,  R.  104  W.  Here  also  the  water  is 
derived  from  the  Jurassic  sandstone  already  referred  to.  This 
stream  is  very  feeble  in  dry  weather,  often  becoming  of  very  small 
flow  during  the  day  and  regaining  a  somewhat  stronger  volume  at 
tiight.  It  runs  but  a  short  distance  out  into  the  valley,  however, 
before  it  sinks  and  its  channel  is  normally  dry. 

At  the  K  ranch  one  of  the  main  branches  of  Cliff  Creek  contains 
Sufficient  water  to  irrigate  a  small  field.  The  water  is  ponded  in  a 
Bmall  reservoir  near  the  house  and  probably  would  flow  for  a  con- 
siderable distance  down  the  main  creek  channel  were  it  'not  diverted. 
A.  more  northerly  fork  of  Cliff  Creek  lying  near  the  escarpment 
named  on  the  older  maps  as  Section  Ridge  is  said  also  to  contain 
vater. 
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RAIN  WATER. 

So  far  as  is  known  to  the  writer  no  attempt  has  ever  been  made 
to  save  the  rain  water  or  snow  water  for  domestic  use.  This  is,  how- 
ever, accomplished  in  a  natural  way  and  is  occasionally  found  to 
serve  a  very  useful  purpose.  The  back  slopes  of  the  cuesta  or  dip- 
slope  ridges  surrounding  Raven  Park  are  in  many  places  capped  by 
bare  ledges  of  heavy-bedded  massive  white  sandstone.  Irregularities 
in  these  nearly  horizontal  beds  retain  the  rain  water  of  the  summer 
showers,  which  frequently  form  innumerable  pools,  some  very  large 
and  deep,  in  firmly  inclosed  rock  basins.  One  of  these  pools  situated 
in  the  ledges  near  the  road  from  Rangely  to  the  K  ranch  is  used  as 
a  camp  or  watering  stop  by  travelers  if  they  are  so  fortunate  as  to 
be  acquainted  with  its  location. 

ARTESIAN  WELLS. 

Of  the  wells  that  have  been  driven  in  the  Rangely  field  none  have 
encountered  water  in  the  Mancos  shale,  and  as  yet  none  have  pene- 
trated far  enough  to  reach  the  Dakota  sandstone,  which  is  so  com- 
monly known  to  be  a  water-bearing  formation  under  favorable  con- 
ditions in  other  localities.  It  is  reported  that  water  was  struck  at  a 
depth  of  80  feet  in  the  Requina  oil  well  No.  2,  which  is  situated  close 
to  the  channel  of  Stinking  Creek,  and  probably  encountered  an  under- 
flow of  that  stream.  The  drillers'  reports  state  that  this  w^ater  was 
found  "  at  the  base  of  the  adobe,  in  a  bed  of  gravel  overlying  the 
shale  bed  rock."  It  is  therefore  assumed  that  the  body  of  the  Mancos 
shale  is  without  water. 

The  possibility  of  obtaining  artesian  flow  in  Raven  Park  was  sug- 
gested by  White  in  the  Hayden  reports,  but  it  now  seems  clear  that 
he  far  underestimated  the  depth  of  the  Dakota  sandstone  in  that 
field.  The  structural  conditions  on  which  he  based  his  estimate  are 
apparently  favorable,  and  such  artesian  flow  might  be  available  if 
the  depth  of  the  water-bearing  stratum  were  not  so  great.  Further- 
more, th(^  beds  which  are  now  seen  to  l>e  the  best  water  carriers  at  the 
springs  along  the  foot  of  Blue  Mountain  and  which  occupy  the  most 
favorable  positions  as  catchment  areas  on  the  flanks  of  that  mountain 
are  stratigraphically  much  lower  than  the  Dakota  sandstone  and  it 
would  2)rol)al)ly  be  impracticable  to  reach  them  by  drilling  fi'om  any 
point  within  the  j^ark.  Although  the  chances  that  these  sandstones 
below  the  Dakota  may  contain  an  artesian  water  supply  are  considered 
excellent,  it  is  not  at  all  certain  that  a  similar  flow  would  be  found 
also  in  the  Dakota  beds.  On  the  other  hand,  in  spite  of  the  meager 
catchuient  exposure  of  that  formation  and  its  apparent  barrenness 
of  springs  along  its  outcrop  it  may  possibly  accumulate  a  sufficient 
volume  of  underground  water  to  establish  an  artesian  flow  if  reached 
by  boring  in  the  lower  park  lands. 
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Corbula  undifera,  occurrence  of 25 

Cor>'lus  Macquarrli,  occurrence  of 25 

C  retaceous  formations,  correlation  of 27 

doscriptions  of 13-25 

Ctmninghamites  elegans.  occurrence  of 25 

D. 
Dakota  sandstone,  character  and  dlstribti- 

tion  of 13-14 

correlation  of 27 

oil  In 47-48 

section  of 13 

water  in 58 

Dammara  acicularls,  occurrence  of 25 

Danforth  Hills,  structure  In 37 

i  Davis,  J.  A.,  work  of 7 

JDenver  Basin,  oil  in 4» 
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Donax  sp.,  occurrenoe  of 25 

Douglas  Creek,  description  of 9 
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Douglas  Creek  uplift,  description  of 36-37 

Drainage,  description  of 9-10 

Drill  holes,  nature  of 42 

E. 

Elevations,  data  on 8 

Eumicrotls  curta.  oocurrenoe  of 12 

F. 

Faults,  character  and  distribution  of 38-39 

Flcus  squarrosa,  occurrence  of 25 

speciosslssima,  occurrence  of 25 

Field  work,  extent  of 7 

Flaming  Gorge  formation,  correlation  of . . .  11,27 

Flat  Rock  Spring,  location  of 56 

Fort  Union  formation,  correlation  of 27 

Fossils,  oocurrenoe  of 12,15,17,25 

Fox  Hills  formation,  correlation  of 27 

fauna  of 30 
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Gas,  discovery  of 48 

occurrence  of,  mode  of 44 

Geinitzia  sp.,  occurrence  of 25 

Geologic  map  of  region Pocket 

Goniobasis,  occurrence  of 24,25 

Gonlomya  amerlcana,  occurrence  of 17 

Grand  River  Basin,  structure  of 33 

Green  River,  elevation  on 8 

Green  River  group,  character  and  distribu- 
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correlation  of 27 

Gtmnison  formation,  correlation  of 11,27 
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Halymenltes,  occurrence  of 25 

Hay,  H.  J.,  on  oil  sands 46 

Henrys  Creek  formation,  correlation  of 27 

Hunt,  J.  H.,  on  well  drilling 42 

I. 

Ice,  use  of 55 

Ignaclo,  flow  at 51-52 
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Inoceramus  cripsi,  occurrence  of 17 

cripsi  var.  barablni,  occurrence  of 25 
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erectus,  oocurrence  of 25 
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Jurassic  rocks,  coal  in 12 

coal  in,  analysis  of 12 

correlations  of 1 1-12,27 

description  of 11-12 

-fossils  from 12 

urnninm  and  Viinadiiim  in 12 

K. 
Kansas  field,  oil  in 49 
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La  I'lata  sandstone,  correlation  of 12,27 
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of 26,28,30-31 

correlation  of 26-28 

erosion  of 22-23 

Logumen  sp.,  occurrence  of 17,25 

Loptosolen  sp.,  occurrence  of 17 

Lewis  shale,  correlation  of 27 

deposition  of 32 

erosion  of 22-23 

Liopistha  undata,  occurrence  of 17 

Lucina,  occurrence  of 17 
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McEimo  formation,  correlation  of 11,27 

Mactra  fonnosa,  occurrence  of 25 

Magnolia  tenuinervis,  occurn'nce  of 26 

Mallon.  F.  F.,  aid  of 8 

Mancos  shale,  character  an<l  distribution 

of 14-19 

correlation  of 14-15,27 

fossils  in 15, 17 

oil  sand  sin 4r>-47 

thickness  of 17-10,43-44 
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district 5 

Map.  topogniphic.  of  region Pocket 

discussion  of 7-8 

Mf.-ker,  How  at .^)l-r)2 

Mt'i'kcr  wells,  desrriptions  of 41 

Mcsaverde  fonnation.  character  and  <listri- 

l.iition  of 19-25 

coals  in 20,22 

correlation  of 27.. T<) 

thickness  of 22-24 

Midl.'ind  iii)lift.  d.'scrii)t  ion  of ;{4-.% 

Modiola  laticosta,  (X^currence  of 25 

Mytiliis  siiharciiatns,  occiirnuice  of 17 

X. 

Nate  Spring,  location  of 'a\ 

Newcastle,  elevation  of 8 

Niobrara  formation,  correl.ition  of 27 

NoiiKuiclatiire.  changes  in 2tV-32 

chang«>s  in,  reasons  for 28 
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Odontol)asis  sp.,  occurrence  of 17 

Oil,  analyses  of .',0 

occurrence  of 43-49 

quality  of 49  .'>0 

Oil  claims,  location  of .39 
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Oil  field,  anticlinal  theory  and 45-45 

eomparison  of,  with  other  fields 48-19 

development  of 35M2 

discovery  of 39 

oil  sands  in 45-48 

predictions  on 43 

^  wells  in,  descriptions  of 39-42 

Oklahoma,  oil  in 49 

Ostrea  glabra,  occurrence  of STi 

lugubris,  occurrence  of 15 

strigilecula,  occurrence  of 12 

subtrigonalis,  occurrence  of 25 

sp.,  occurrence  of 12,17 
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Park,  definition  of 9 

Pholadomya  sp. ,  occurrence  of 17 

Pierre  shale,  confusion  in  usage  of .10 

correlation  of 27 

Platanus  sp.,  occurrence  of 25 

Point  of  Rocks  fonnation,  correlation  of . . .  27 

Pool  well,  description  of 39-40 

Pre-Cretaceous  rocks,  description  of 11-12 

Prionocydus  sp.,  occurrence  of 15 

R. 

Rain  water,  use  of 58 

Rangely  Basin,  description  of 9 

Rangely  post-office,  field  near 6 

Raven  Park,  description  of 8-10 

oil  field  in 5 

well  in 19 

Raven  Park  anticline,  description  of 33-34 

Raven  Rock,  fossils  ne^r 72 

Red  Wash  Creek,  coal  in 12 

rocks  on 14 

springs  on,  water  of : .=i6. .57 

Red  Wash  syncline.  description  of 36 

Reqnina  wells,  descriptions  of 40-41 

oil  of,  analysis  of .\0 

water  in .vs 

Him  rock,  description  of 20 

view  of JO 

Sff  also  Mesaverde  fonnation. 

Rock  formations,  descriptions  of 10-32 

summary  of 10-11 

Rock  Springs  uplift,  description  of as 

S. 

Salt  Wells  formation,  correlation  of 27 

Sapindus  sp.,  occurrence  of 2.') 

Scaphites  warreni.  occurrence  of l.'» 

Sequoia  Reichenbachi.  occurrence  of 2.'» 

Serpnla  sp.,  occurrence  of 17 

Skull  Creek,  spring  on.  water'of .V. 

Sphaeriola  cordata,  occurrence  of 17 

Spironema  sp.,  occurrence  of 17 

Springs,  list  of ,'»6 

occurrence  and  character  of .V=>-.57 

Stanton,  T.  W..  fo.ssils  Identified  by 12 

on  age  of  rocks 14 

on  Colorado  group J** 

on  Fox  Hills  fauna .30 

Stinking  Creek, descript Ton  of 10 

Stoops,  C.  W.,  work  of 7 
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Hratigraphy,  description  of 10-^ 

siimmar>'  of 10-11 

Structure,  description  of 32-39 

details  of 33-38 

sections  showing 34 

discussion  of t>-7 

See  also  Faults. 

Sulphur  Creek  formation,  correlation  of 27 

Surveys,  change  of 39 

Byncyclonema  rigida,  occurrence  of 17 


Tancredia  tiiomata,  occurrem-e  of 12 

sp.,  ocqurrence  of 12 

Tertiarj'  formations,  character  and  distri- 
bution of •2.>-'26 

j        correlation  of 27 

relation  of,  to  deformation.. .     38 

'Three  Springs,  location  of 56 

rocks  at 14 

'        water  of 5(W>7 

Trachta,  Joseph,  on  oil  sands 46 

Trigonia  quadrangularis,  occurrence  of 12 

Tulotoma  thompsoni,  occurrence  of 25 

I'inta  Basin,  structure  of 32-33 

Uinta  formation,  correlation  of 27 

il^nio  brachyopisthus,  occurrence  of 25 

danne,  occurrence  of 25 

:        sp.,  occurrence  of 23, 2^ 

Union  wells,  depth  of 19,41-42 

descriptions  of 41-42 

ret^ord  of 42 

Uraniiun,  occurrence  of 12 
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Vanadium,  occurrence  of 12 

Vegetation,  scarcity  of 10 

Vermilion  Creek  formation,  correlation  of . .  27 

Viviparus  sp.,  occurrence  of 25 
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Wasatch  rocks,  character  and  distribution 

of 26 

correlation  of 27 

Water,  underground,  relation  of,  to  oil  and 

gas 44-45, 47 

Water  supply,  description  of 50-58 

White,  C.  A.,  on  nomenclature 28-29 

work  of 6, 8-9 

White  Cliff  formation,  correlation  of 12,27 

White  River,  anticline  on 38 

description  of 9 

discharge  of 51-52 

fault  on 24, 39 

rocks  on 36 

water  from 51-^5 

analysis  of 54-55 

White  River  field,  oil  in 48 

White  rock,  description  of 21 

See  also  Mesaverde  formation. 

Willow  Creek,  fossils  from 15 

rocks  on 14 

section  at 13 

springs  on,  water  of 56, 57 

Wyoming,  oil  fields  in 48-49 

Z. 
Zizyphua  sp.,  occurrence  of 25 
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